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EDITOR’S  VIEWPOINT 


The  tactile  sense  of  the  dental  apparatus 
is  recognized  but  where  it  is  cen¬ 

tered  and  its  functions  in  mastication  had 
not  been  intensively  investigated.  Manly, 
Pfaffman,  Lathrop,  and  Keyser  (p.  305) 
studied  the  ability  of  individuals  with  nat¬ 
ural  and  artificial  dentitions  to  distinguish 
thickness  of  disks,  hardness  of  objects, 
pressure  of  fibers,  and  changes  in  food  tex¬ 
ture.  Obviously,  those  sensations  depend¬ 
ent  on  the  periodontal  membrane  reaction 
in  the  natural  dentition  will  be  greatly 
reduced  in  wearers  of  artificial  dentures. 
Tactile  sense  and  ability  to  di.stinguish  food 
texture  are  greatly  reduced  with  loss  of 
teeth  and  hardness  of  relatively  hard  ob¬ 
jects  is  not  as  accurately  estimated  by 
denture  wearers.  The  tactile  sense  test, 
using  fibers  of  varying  stiffness,  might  well 
be  adapted  for  periodontal  investigations. 

The  amount  of  tis.sue  per  mouth  involved 
by  gingival  inflammation  did  not  appear  to 
be  greater  in  young  men  from  the  South¬ 
west,  although  the  DMF  was  lower  among 
young  sailors  from  the  Southwest.  More¬ 
over,  Massler  and  Ludwick  (p.  313)  found 
no  difference  in  caries  experience  and  in 
extent  of  gingival  envolvement  in  young 
men  from  communities  of  different  size.  Of 
course,  periodontal  disea.se  is  recognized  as 
increasing  with  age  and  it  is  probable  the 
irritating  factors  produced  by  caries  in  the 
mouths  of  young  people  might  reflect  to  a 
greater  degree  several  years  later  than  they 
would  among  adolescents. 

Ludwick  and  Massler  (p.  319)  found  no 
relationship  between  tobacco  smoking  and 
gingivitis  as  indicated  by  the  PMA  index 
but  did  find  some  correlation  in  the  very 
few  (20)  cases  of  ulcero-membraneous  gin¬ 
givitis  encountered.  To  draw  conclusions 
on  the  basis  of  20  cases  would  be  unjustified. 
A  very  interesting  observation  was  the  di¬ 
rect  relationship  between  caries  history 
(l)MF)  and  tobacco  consumption.  Many 
had  assumed  an  inverse  relationship.  Again, 
to  accept  this  as  cause  and  effect  is  un¬ 
sound.  The.se  young  men  have  been  develop¬ 
ing  cavities  over  a  period  of  many  years, 
while  their  smoking  is  a  relatively  recent 


habit.  Such  findings  suggest  to  us  the 
danger  in  using  surveys  of  this  type  to  draw 
conclusions  without  a  careful  and  thorough 
consideration  of  the  modus  operand!  and 
the  scientific  possibilities.  The  authors  are 
justifiably  cautious. 

The  PMA  has  been  proposed  and  used 
(see  Massler  and  Ludwick,  p.  313)  for  mass 
studies  of  periodontal  disease  but  its  va¬ 
lidity  has  been  questioned  because  it  does 
not  differentiate  types  of  pathologic  change. 
However,  even  as  a  screening  index,  it 
should  have  some  value  in  mass  studies. 
Each  of  8  dentists,  as  reported  by  Sandler 
(p.  323),  after  several  weeks’  experience 
with  the  index,  examined  10  patients.  These 
results  were  markedly  different  and  prob¬ 
ability  studies  suggest  that  while  the 
method  may  be  useful  for  group  compari¬ 
sons  by  one  examiner,  its  application  to 
groups  by  different  examiners  should  be 
made  “with  extreme  caution.’’ 

Turkheim  (p.  326)  found  that  tobacco 
smoke  inhibited  the  growth  of  some  micro¬ 
organisms  in  vitro.  The  author  directs  at¬ 
tention  to  the  fact  that  the  effect  in  vivo 
has  been  considered  rather  inconsequential. 
The  difference  in  effect  of  any  agent  in  the 
te.st  tube  or  on  the  Petri  dish  may  be  far 
different  from  that  in  the  mouth.  In  vitro 
studies  of  agents  proposed  to  reduce  bac¬ 
terial  activity  are  often  cited  as  acceptable 
basis  for  their  use  in  the  oral  cavity,  al¬ 
though  bacteriologists  and  pharmacologists 
have  long  recognized  the  inadequacy  of  the 
phenol  test.  Among  the  factors  that  might 
make  the  difference  in  the  mouth  and  in 
the  test  tube  are  the  short  contact  between 
tobacco  products  and  bacteria  due  to  the 
important  “cleaning  mechanism”  in  the 
mouth,  the  possible  neutralizing  effect  of 
salivary  components  and  the  more  favorable 
important  “clearing  mechanism”  in  the 
mouth  as  well  as  the  well-recognized  differ¬ 
ences  in  action  in  cellular  environment. 

Ring  (p.  329),  after  experimental  wound¬ 
ing  of  rat  gingivae,  demonstrated  higher 
alkaline  phosphatase  concentration  in  the 
healing  regions.  In  the  epithelium,  this 
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phosphatase  appears  to  be  associated  with 
the  keratinization  which  accompanies  the 
healing  process.  Activity  of  endothelium 
during  clot  organization,  fibroblasts  during 
the  formation  of  fibers,  and  macrophages 
in  phagocytosis  are  also  associated  with  in¬ 
creased  concentrations  of  alkaline  phos¬ 
phatase  as  identified  by  the  Gomori  method. 

From  examination  of  1570  Naval  men, 
Cross  (p.  335)  predicts  the  dental  needs  per 
1000  men.  Because  of  conjecture  concern¬ 
ing  the  number  of  dentists  needed  per  popu¬ 
lation  group,  both  in  civilian  and  military 
life,  such  data  are  valuable.  It  is  unfor¬ 
tunate  that  onh’  one-third  of  the  men  were 
examined  by  use  of  bite-wing  radiographs 
and  that  the  data  for  these  men  are  not 
treated  separately  from  those  of  the  other 
two-thirds.  The  statement  that  radiograph¬ 
ically  observed  enamel  lesions  not  large 
enough  to  restore  were  not  counted  is  open 
to  discussion.  If  an  area  of  decalcification 
is  observed  by  the  x-ray  method  is  it  not 
a  carious  lesion  and  should  it  not  be  pre¬ 
dicted  as  one  requiring  dental  care?  How¬ 
ever,  since  the  author  would  not  fill  such 
areas  his  data  are  not  invalidated  by  this 
decision. 

Many  individuals  and  groups  are  evaluat¬ 
ing  dental  caries  control  techniques  by 
studies  of  groups  of  children.  Too  often 
more  attention  is  paid  to  the  numbers  of 
individuals  in  the  groups  than  to  the  accu¬ 
racy  and  care  in  examination  of  each  in¬ 
dividual.  Blayney  and  Greco  (p.  341) 
show  an  amazing  increase  in  the  numbers  of 
carious  lesions  revealed  when  radiographic 
examinations  are  added  to  clinical  examina¬ 
tions.  Relatively  small  differences  in  the 
average  number  of  lesions  per  child  may 
greatly  influence  the  results  when  statistical 
methods  are  emjdoyed.  It  is  often  assumed 
that  where  large  groups  are  employed  the 
errors  cancel  out,  but  in  research  such  a 
possibility  is  not  so  certain  as  to  be  accept¬ 
able.  No  statistical  evaluation  can  sub¬ 
stitute  for  careful  and  thorough  examina¬ 
tion  or,  expressed  differently,  mathematical 
accuracy  cannot  correct  the  errors  intro¬ 
duced  by  inaccurate  clinical  studies.  The 
great  numbers  of  cavities  revealed  in  dif¬ 
ferent  percentages  at  different  ages  by 
radiographic  evaluation  should  give  warn¬ 
ing  to  those  who  consider  such  thorough 
studies  unnecessary  in  research. 


Hill,  Blayney,  and  Wolf  (p.  396)  have 
now  tabulated  the  caries  experience  rates 
for  6  to  S-year-old  P^vanston  children  ex¬ 
posed  to  artificially  fluoridated  water  for 
periods  from  12  to  58  months.  Comparisons 
with  the  base-line  group  examined  in  1946 
groups  show  an  increa.se  in  caries  in  the 
deciduous  teeth  of  the  fluoridated  group 
(4.49  per  cent)  which  is  not  considered  sig¬ 
nificant,  and  a  reduction  in  the  DMP’ 
permanent  teeth  (46.42  per  cent)  which  is 
considered  significant.  A  careful  study  of 
these  data  suggest  that  a  longer  period 
of  study  is  essential  if  the  effects  of  arti¬ 
ficially  fluoridated  waters  are  to  be  mathe¬ 
matically  evaluated. 

Boyd,  Cannon,  and  Leighton  (p.  3.54)  di¬ 
rect  attention  to  a  very  important  cause 
of  error  in  studies  of  dental  caries  control 
methods.  If,  at  the  same  time  that  a  gen¬ 
eral  caries  control  procedure  were  intro¬ 
duced  an  incentive  for  more  dental  care 
were  given,  it  is  possible  that  appreciable 
error  would  be  introduced.  Since  it  is  most 
impractical  to  limit  caries  control  studies  to 
untreated  groups,  investigations  .should  con¬ 
sider  weighing  the  value  of  incidental  den¬ 
tal  restorations. 

The  relationship  between  dextrinization 
of  starch  by  enzymes  and  temperature  has 
been  investigated  by  Turner  and  Crowell 
(p.  359).  They  found  marked  differences 
in  dextrinization  times  at  different  temper¬ 
atures  and  they  direct  attention  to  the  need 
for  control  of  temperature  in  studies  of 
starch  breakdown  by  components  in  the 
saliva. 

Periodic  oral  examination  of  the  teeth  of 
hamsters  and  other  rodents,  as  well  as 
carrying  out  experimental  procedures  in 
their  mouths,  is  difficult.  .Johansen  (p. 
361)  is  able  to  perform  examinations  and 
treatment  procedures  in  the  mouths  of  live, 
unanesthetized  rodents  with  the  use  of  a 
mechanism  and  technique  described.  The 
apparatus  has  possibilities  of  wide  applica¬ 
tion. 

The  physical  properties  of  materials  used 
to  restore  parts  of  teeth  have  been  inten¬ 
sively  investigated.  Since  the  work  of 
G.  V.  Black  few  studies  have  been  made  on 
the  physical  properties  of  dentin  and 
enamel,  the  substances  being  replaced.  It  is 
obvious  that  certain  of  these  physical  prop¬ 
erties  of  tooth  substance  are  as  important 
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as  those  of  the  restorative  materials  if  ex¬ 
ternal  displacement  and  internal  deforma¬ 
tions  are  to  be  avoided.  Peyton,  Mahler, 
and  llerschenov  (p.  .‘tfifi)  report  the  prelimi¬ 
nary  res«ilts  of  investijjations  of  the  physi¬ 
cal  properties  of  dentin  and  j»oint  out  some 
of  the  difficulties  encountered  in  testing  the 
biologic  material. 

The  interesting  problem  of  the  existence 
of  tricalcium  phosphatase  hydrate  in  calci¬ 
fied  tissues  and  its  possible  relationship  to 
hydroxyapatite  was  investigated  in  an  in¬ 
triguing  manner  by  Posner  and  Stephenson 
(p.  .371).  They  enlarged  the  crystals  in  a 
hydrothermal  bomb  and  suVtmitted  them  to 
chemical  analysis,  x-ray  diffraction,  optical 
studies  and  density'  measurements.  They 
postulate  the  cause  of  the  differences  be¬ 
tween  hydroxyapatite  and  tricalcium  phos¬ 
phatase  hydrate.  This  is  the  first  report 
from  the  A.D.A.  cooperative  research  on 
the  physics  and  chemistry  of  hard  dental 
tissues  at  the  National  Bureau  of  standards. 

There  is  probably  no  more  moot  subject 
in  the  field  of  dental  histology  than  the 
presence  or  absence  of  nerve  fibers  in  the 
dentin.  I^tilizing  two  different  techniques. 
Powers  (p.  383)  demonstrated  processes  in 
the  dentin  which  she  interprets  as  nerve 
fibers.  The  author,  apparently,  is  well 
aware  of  numerous  claims  that  there  are  no 
nerves  in  the  dentin  and  presents  photo¬ 
graphic  evidence  of  fibers  taking  silver 
nitrate  stain  progressing  from  the  pulp  into 
the  dentin  and  appearing  as  nerves.  While 
this  will  probably  open  the  controversy  for 
further  discussion,  it  is  also  hoped  that  it 
will  lead  to  further  study  and  possibly  reso¬ 
lution  of  this  important  question. 

Yardeni  (p.  393)  found  that  dentin  tost 
weight  faster  than  did  normal  enamel  in 
lactic  and  buffers  at  various  pH.  A  lag  pe¬ 
riod  in  decalcification  (as  measured  by 
loss  of  weight)  was  demonstrated  for  enamel 
caps.  The  use  of  gravimetric  methods  for 
determination  of  decalcification  rates  of 
tooth  substance  is  of  questionable  value. 
Yardeni  points  out  one  important  .source 
of  error,  i.e.,  inhibition  and  retention  of 
fluid  after  decalcification  has  proceeded  be¬ 
yond  certain  stages.  Other  possible  sources 
of  error  are  discussed. 

From  Fleming’s  (p.  398)  experimental 
study,  methylcholanthrene  appears  to  have 
greater  effects  on  the  young  epithelium  than 


on  connective  tissue,  but  it  does  not  al¬ 
ways  prevent  formation  of  some  hard  den¬ 
tal  tissues.  The  ameloblasts  formed  keratin, 
sometimes  without  differentiation  into  squa¬ 
mous  cells.  Fleming,  observing  that  the 
keratinized  cells  were  verj'  elastic  and  ad¬ 
herent,  suggests  the  role  of  keratinized 
amelobla.stic  material  in  binding  enamel 
rods.  The  changes  observed  have  signifi¬ 
cance  in  understanding  of  the  process  of 
odontogenesis. 

The  relative  influence  of  the  facial  mus¬ 
culature  on  the  development  of  the  dental 
arch  form  and  facial  skeleton  has  much 
interest  for  anatomists,  orthodontists,  and 
pedodontists.  Horowitz  and  Shapiro  (p. 
412)  approached  the  problem  experimen¬ 
tally,  measuring  facial  and  arch  dimen-sions 
after  removal  of  various  portions  of  the 
facial  musculature.  Only  complete  removal 
of  the  orbicularis  oris,  of  the  operations 
performed,  resulted  in  significant  changes  in 
the  skeleton  and  then  they  were  limited  to 
the  premaxillary  and  nasal  areas.  The  use 
of  this  muscle  in  sucking  and  mastication 
offer  some  basis  for  further  consideration 
of  its  influence  in  maxillary  discrepancies. 

Myers,  Jennings,  and  Becks  (p.  41fl) 
describe  a  method  for  rapid  radioauto¬ 
graphic  studies  of  hard  and  soft  tissues. 
Such  a  technic  is  most  valuable  with  radio¬ 
isotopes  of  short  half-life. 

The  problem  of  antibiotics  as  caries  con¬ 
trol  agents  still  remains  enigmatic.  Stephan, 
Fitzgerald,  McClure,  Harris,  and  Jordan 
(p.  421)  found  penicillin  by  far  the  best  of 
five  antibiotics  for  controlling  dental  caries 
in  rats  but  failed  to  correlate  control  of 
dental  caries  with  reductions  in  bacterial 
population.  They  observed  that  the  most 
efft'ctive  inhibitors  of  gram  jwsitive  organ¬ 
isms  were  the  best  caries  inhibitors.  It  is 
interesting  that  fracture  of  cusps  in  ani¬ 
mals  on  antibiotics  in  many  instances  was 
not  followed  by  dental  caries,  a  rare  finding 
in  control  animals. 

The  separation  of  bacterial  clumps  has  a 
great  effect  on  the  number  of  colonies  per 
c.c.  cultured  from  salivary  samples.  Wil¬ 
liams  and  Eickenberg  (p.  428)  found  about 
19  minutes  of  sonic  vibration  (9000  cycles/ 
.sec.)  markedly  increased  salivary  bacteria 
counts.  Since  the  noted  increase  was  (piite 
marked  it  should  be  pointed  out  that  new 
value.s  for  caries  immunity  and  resistance 
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will  be  needed  if  the  method  is  generally 
employed.  The  salivary  lactobacillus  index 
is  a  useful  tool,  but  like  all  biologic  tests, 
must  be  re-evaluated  from  the  clinical  stand¬ 
point  each  time  it  is  modified. 

The  effect  of  ascorbutic  diet  on  the  dentin 
of  teeth  is  well  recognized.  There  has, 
however,  been  some  question  raised  concern¬ 
ing  the  effect  of  scurvy  on  enamel  of  guinea 
pigs.  Kalnir.s  (p.  440)  reports  a  study  in 
which  he  found  that  the  primary  changes  in 
the  enamel  are  due  to  retardation  and  com¬ 
plete  cessation  of  the  development  of  dentin 
in  the  molars  and  that  secondary  and  non¬ 


typical  scorbutic  changes  occur  as  a  result 
of  detachment  or  pressure  atrophy  of  the 
ameloblast  caused  by  the  bending  of  the 
tooth,  or  the  transmission  of  masticatory 
forces  into  the  formative  portion  of  the 
teeth.  This  study  tends  to  confirm  other 
work  showing  the  inter-relationship  of 
amelogenesis  and  dentinogenesis.  In  addi¬ 
tion,  Kalnins  believes  that  his  work  demon¬ 
strates  that  the  maturation  phase  of  enamel 
formation  is  determined  by  the  activity  of 
the  ameloblasts  and  not  by  function  of  the 
pulp  at  the  dentinal  enamel  junction. 

H.  B.  G.  R. 


ORAL  SENSORY  THRESHOLDS  OF  PERSONS  WITH  NATURAL 
AND  ARTIFICIAL  DENTITIONS 

R.  S.  MANLY,  CARL  PFAFPMAN,  DONALD  D.  LATHROP,  AND  JOAN  KEYSER 

From  the  Laboratory  for  Oral  Physiology,  Tufts  College  Dental  School,  Boston,  Mass.,  and 
Department  of  Psychology,  Brown  University,  Providence,  R.  I. 

IT  IS  well  recog;nized  that  the  sensory  mechanisms  of  the  mouth  fulfill  protec¬ 
tive  and  selective  functions.*  Oral  sensations  are  obviously  needed  during 
ma.stieation,  as  was  observed  in  a  study  with  a  subject  before  and  during  man¬ 
dibular  block  anesthesia.  His  chewing  ability  was  diminished  during  anes¬ 
thesia.  Some  fairly  large  particles  of  food  were  missed  during  the  mastication. 
The  subject  stated  that  he  was  unable  to  sense  the  location  of  unchewed  food, 
and  hence  could  not  bring  it  to  the  occlusal  surfaces  of  his  molars  for  mastication. 

Persons  who  wear  complete  dentures  lose  tactile  sensations  which  are  de¬ 
rived  from  the  periodontal  membrane.  It  is  possible  that  the  sensory  cues  from 
food  become  impaired  after  the  transition  to  dentures.  Perhaps  blunted  sensa¬ 
tions  would  cause  manipulation  of  food  to  be  less  efficient,  which  would  explain 
why  the  masticatory  efficiency  of  denture  wearers  is  only  one-fourth  that  of 
the  normal  dentition  on  the  average,  and  why  it  varies  widely  from  one  indi¬ 
vidual  to  another,  without  apparent  cause.* 

This  investigation  is  concerned  with  certain  sensory  processes  mediated  by 
natural  or  artificial  teetb.  The  tests  selected  represent  a  compromise  between 
those  which  can  be  estimated  readily  and  those  most  likely  to  be  related  to  mas¬ 
ticatory  function.  Thresholds  for  the  discrimination  of  thickness,  hardness, 
light  touch,  and  texture  were  studied  in  pei*sons  with  normal  and  artificial  den¬ 
titions.  The  purpose  was  to  compare  how  well  persons  with  natural  and  arti¬ 
ficial  dentition  could  discriminate  these  stimuli,  in  order  to  learn  whether  such 
discrimination  among  denture  wearers  is  impaired.  If  there  was  any  impair¬ 
ment,  it  might  be  partly  responsible  for  low  masticatorj*  efficiency  of  some  den¬ 
ture  wearers. 

METHODS 

Size  Judgment  Between  Anterior  Teeth. — Rods  of  boilable  Incite  one  inch 
in  diameter  were  obtained  from  the  Dupont  Company.  Disks  were  cut  from 
these  and  machined  and  polished  to  thicknesses  of  5.00,  5.25,  5.50,  and  5.75  mm. 
±  0.01  mm.  During  a  test  each  disk  was  placed  horizontally  between  the  sub¬ 
ject’s  incisor  teeth  and  held  by  the  examiner  while  the  subject  bit  gently  but 
firmly  upon  the  disk.  Each  subject  was  given  a  familiarization  trial  with  each 
disk,  presented  in  the  order  of  thinnest  to  thickest.  During  an  actual  test,  sub¬ 
jects  were  presented  disks  in  the  following  order:  ADCB  CABD  DBAC  DBCA 
BCAD  CDBA  DCAB  CB.  He  indicated  his  response  by  writing  plus  on  paper 
whenever  he  believed  the  disk  was  one  the  thicker  two  (C  or  D)  and  by  writing 
minus  in  case  the  disks  were  perceived  to  be  one  of  the  thinner  two  (A  or  B). 

Supported  by  the  Office  of  Naval  Research  under  Contract  No.  N7onr-463,  180-396. 
Received  for  publication,  Dec.  19.  1951. 
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The  subject  was  then  jiiven  the  series  in  reverse,  i.e.,  thickest  to  thinnest,  and 
another  thirty  presentations  were  made  in  exactly  the  reverse  order  as  that 
above.  From  this  data  the  percentage  of  “thicker”  responses  for  each  disk 
was  tabulated  and  i)lotted  on  probability  paper  against  the  logarithm  of  the 
thickne.ss  of  the  disk.  The  threshold  for  sensitivity  was  calculated  by  drawing 
a  smooth  curve  through  the  i)oints  and  reading  off  thickness  of  test  objects  at 
the  25  j)er  cent  and  75  per  cent  intersections.  The  difference  in  thicknes.s,  di¬ 
vided  by  two,  represents  the  thre.shold.  This  threshold  represents  the  ability  to 
detect  differences  in  the  thickness  of  the  test  objects.  It  is  known  as  the  method 
of  .single  .stimuli.^  The  value  obtained  is  a  measure  of  the  slope  of  the  theoretical 
straight  line  joining  points  representing  percentage  of  the  responses.  The  slope 
would  be  zero  at  the  50  level  if  the  subjects  were  simply  guessing;  the  slope  in- 
crea.ses  as  the  subjects  become  able  to  discriminate  between  test  objects. 

Ilardtiess  Judgments  Between  Anterior  Teeth. — Estimation  of  hardness  was 
made  by  a  very  similar  procedure ;  in  this  instance  the  disks  had  the  same  thick- 
ne.ss  (5  mm.)  but  differed  in  hardne.ss.*  The  initial  tests  were  made  with  slabs 
of  white  rubber  stock,  varying  in  hardnes.ses  from  1.02  mm.  to  2.31  mm.  (read¬ 
ings  on  a  Pu.sey  Jones  plastometer  with  1  kg.  load  on  a  I/4  inch  ball  for  two 
minutes).  This  range  of  hardness  was  found  to  be  too  great  and  a  second  series 
was  obtained  from  1.09  to  1.17  mm.  in  hardness.  This  series  presented  the 
l)roper  order  of  difficulty  for  the  subjects  in  that  no  perfect  scores  were  obtained, 
yet  all  subjects  were  able  to  discriminate  between  some  of  the  disks.  A  series 
of  di.sks  was  then  prepared  using  glass,  steel,  aluminum,  and  lucite,  whose  re¬ 
spective  hardnes.ses  were  448,  233,  124,  and  1.5  units  as  determined  by  a  Knoop 
indentometer  with  a  600  gram  load.  The  thickness  and  size  of  the  disks  were 
identical.  This  series  proved  to  be  unsuitable  since  nontactile  cues  were  ob¬ 
tained;  for  example,  the  steel  gave  auditory,  thermal,  and  gustatory  cues.  In 
order  to  avoid  this  difficulty  a  graded  hardness  series  was  prepared  from  a 
formulation  of  a  high-resin  copolymer  mixed  in  varying  ratios  with  GRS.  Four 
.samples,  designated  a,  b,  c,  and  d,  initially  had  Knoop  hardnesses  of  0.67,  1.76, 
2.93  and  4.16,  respectively.  Disks  were  prepared  by  softening  the  sample  in  an 
oven,  comi)re.ssing  to  final  thickness,  and  punching  out  disks  after  the  material 
had  cooled.  The  hardness  readings  were  then  made  and  reported  as  averages 
taken  on  single  disks.  Later  it  was  found  that  the  numerical  values  for  hard¬ 
ness  varied,  dei)ending  ui)on  slight  changes  in  the  technicpie  used  to  bring  the 
resin  to  proper  size.  The  order  of  hardness  of  the  disks,  however,  did  not 
change. 

Tests  were  also  performed  on  denture  i)atients  with  topical  anesthesia. 
Dentures  were  removed,  cleansed,  and  dried.  The  total  denture-bearing  area 
was  wij)ed  dry  and  painted  with  a  cotton  api)licator  containing  Mann’s  topical 
anesthetic  solution,  and  the  dentures  were  (piickly  reinserted.  Tests  were  per¬ 
formed  within  fifteen  minutes,  the  duration  of  anesthesia  of  the  gingiva. 

I'aetile  Sensitivity  of  Teeth. — A  series  of  Von  Frey  tactile  haii-s  were  pre¬ 
pared  from  nylon  fibers,  7  to  20  thousands  of  an  inch  in  diameter.  These  were 
cemented  at  right  angles  to  the  ends  of  pla.stic  rods  and  adjusted  in  length  to 

•Samples  for  hardness  were  obtained  by  courtesy  of  D.  D.  WriKht  of  the  Hood  Rubber 
t'ompany. 
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give  a  range  of  force  from  0.7  mg.  to  12.")  (Jm.  ±  10  per  cent.  The  scale  was 
logarithmic  with  each  fiber  exerting  oO  per  cent  more  force  than  the  next  softer 
one  and  33  per  cent  less  force  than  the  next  harder  filament.  Teeth  were  tested 
repeatedly  in  ascending  and  descending  series,  sub.jects  responding  with  hand 
signals  when  they  could  detect  the  touch.  In  nearly  everj'  instance  the  end 
point  was  definite.  The  least  detectable  stimulus  was  recorded  as  minimal 
threshold.  This  type  of  threshold  is  known  as  absolute,  and  differs  from  the 
differential  threshold  used  in  the  two  previous  procedures. 


JUDGEMENTS  OF  SIZE 
BETWEEN  INCISORS 


Estimation  of  Threshold  for  Detection  of  Changes  in  Texture. — In  the  previ¬ 
ous  tests  it  is  probable  that  the  thresholds  given  are  for  one  or  two  primary 
modalities.  The  size  and  hardness  judgments  most  likely  combine  position  and 
deep  pressure  e.stimation  while  touch  is  probably  a  single  nuKlality.  In  masti¬ 
cation  of  food,  however,  many  of  the  sensations  experienced  are  concerned  with 
the  texture  of  the  food,  which  probably  combines  estimations  of  a  number  of 
the  proi)erties  including  hardness,  toughness,  friability,  vibration,  and  sound. 
No  literature  could  be  found  as  a  guide  to  selection  of  techniipies  for  approiieh- 
ing  this  problem.  Trials  were  made  with  i>ulverized  breakfast  ftHnl,  but  in 
every  instance  the  i)reparation  and  maintenance  of  reproducible  standards 
could  not  be  achieved. 

Finally  a  parameter  was  selected  which  involved  the  detection  of  graded 
quantities  of  dentifrice  grade  calcium  carbonate  suspendeil  homogeneoxisly  in 
a  bland  pudding.  Burnett  s  brand  of  instant  pudding,  vanilla  Havor,  was 
prepared  according  to  instructions  by  mixing  the  powder  with  milk.  To  differ¬ 
ent  batches  of  this  were  added  0.1,  1.0,  2.0,  2.9,  4.S,  7.4,  9.1,  17,  23,  and  29 
per  cent  calcium  carbonate.*  This  gave  three  series  of  puddings  desigiunl  for 

•Whittaker  #64,  Kr»>o  FIowIdk  Heavy  (’aeDj  with  mean  eartiele  siae  reiH>rtea  as  12.5 
microns  from  Wliittakor  Ciark  ap<i  l)aniels,  Inc.,  260  W.  Uroadway — New  York  City. 
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different  thresholds;  one  included  the  1.1,  1,  2,  and  2.9  per  cent,  another  the 
2.9,  4.8,  7.4,  and  9.1  per  cent  and  the  third,  the  9,  17,  23,  and  29  per  cent.  For 
practical  rea.sons  the  tests  were  abbreviated  somewhat  from  that  used  for  the 
presentation  of  disks.  The  order  of  presentation  in  each  case  was  ADCB 
DACB  A.  A  total  of  ten  individuals  with  natural  dentitions  and  ten  with 
artificial  dentitions  was  studied. 


HARDNESS  JUDGEMENTS 
WITH  SOFT  RUBBER  DISCS 


DISC  NUMBER  IN  ORDER  OF  HARDNESS 
Fig.  2. 

In  this  test  the  subject  was  instructed  to  report  whether  or  not  he  could 
detect  the  “f;rit,”  and  was  asked  to  make  his  estimations  by  rubbing  the  pudding 
between  his  teeth.  This  type  of  judgment  would  be  known  as  an  absolute 
threshold,  because  the  subject  reports  when  he  can  first  detect  the  presence  of 
the  substance  and  does  not  attempt  to  judge  differences  among  the  concentra¬ 
tions  presented.  The  series  for  the  denture  cases  was  not  broad  enough,  and 
six  of  the  thresholds  for  individuals  fell  beyond  its  limits.  Hence  the  judgments 
could  not  be  combined  and  solved  graphically.  Instead  the  judgments  of  each 
individual  were  tabulated,  the  threshold  estimated  roughly,  and  grouped  into 
four  categories  of  (’aCOj  concentration. 

RESULTS 

In  Fig.  1  is  presented  the  thresholds  for  size  judgment  on  plastic  disks. 
The  curve  for  normal  dentitions  is  the  average  of  test  runs  on  six  subjects. 
Six  denture  wearers  were  tested  both  with  and  without  topical  anesthesia  by 
means  of  Mann’s  solution.  It  can  be  seen  that  there  is  no  significant  difference 
among  the  sensitivities  or  thresholds  of  the  three  groups.  The  threshold  .sensi¬ 
tivity  amounts  to  0.18  mm.  or  3.3  per  cent  of  the  total  thickness  of  the  disk. 
Since  the  thresholds  are  not  affected  by  the  substitution  of  dentures  for  natural 
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teeth,  even  when  the  tactile  sensation  of  the  tissue  supporting  the  denture  has 
been  reduced  by  topical  anesthesia,  it  is  probable  that  the  judgment  of  size  is 
accomplished  from  proprioceptive  sensations  originating  in  the  temporoman¬ 
dibular  joint  or  the  muscles  of  mastication.  There  is  no  indication  that  the 
size  judgment  of  persons  is  handicapped  by  transition  to  the  wearing  of  den¬ 
tures.  Unpublished  studies  by  Lunin  and  Levy  led  them  to  the  opinion  that 
proprioceptors  in  muscles,  tendons,  and/or  joints  are  involved  in  thickness 
judgment  between  teeth.*  Eighteen  subjects  were  tested  for  their  ability  to 
detect  1  mm.  differences  in  5,  8,  12,  and  17  mm.  disks  when  the  disks  were 
placed  between  anterior  teeth.  Thickne.ss  was  judged  more  accurately  between 
teeth  than  between  fingers,  but  the  marked  difference  in  experimental  method 
between  that  and  the  present  study  makes  Lunin  and  Levy’s  data  of  question¬ 
able  relevance. 


HARDNESS  JUDGEMENTS 
WITH  HARD  RUBBER  DISCS 


The  results  with  hardness  judgments  on  soft  rubber  disks  gave  a  similar 
conclusion  (Fig.  2).  There  is  only  slight  difference  apparent  between  the  nor¬ 
mal  dentition  group  and  the  denture  group,  whether  or  not  the  tissues  of  the 
denture  group  had  been  subjected  to  topical  anesthesia.  Here  again  is  evidence 
that  the  discrimination  of  hardness  is  achieved  without  need  for  a  perioilontal 
membrane  and  hence  the  denture  wearei’s  suffer  no  great  handicap. 

When  tests  were  made  with  hard  rubber  disks,  denture  wearei's  and  natural 
dentition  cases  showed  different  thresholds.  The  findings  with  sixteen  normal 
dentition  cases  and  thirteen  denture  wearei*s  are  presented  in  Fig.  3.  The 
curves  are  strikingly  different.  The  threshold  for  denture  wearers  is  nearly 
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three  times  that  of  the  natural  dentition  eases.  This  finding  is  in  contrast  to 
the  results  with  the  soft  rubber  di.sks  and  probably  can  be  attributed  to  the 
difterent  relative  amounts  of  motion  of  the  mandible  in  biting  on  soft  and  hard 
rubber  test  objects.  It  is  generally  recognized  that  the  compressibility  or  dis¬ 
placement  of  tissues  i)ermits  a  slight  movement  of  the  denture  relative  to  the 
mandible  or  maxilla.  When  the  subject  bites  on  soft  rubber  this  movement  is 
smalt  comjiared  to  the  distance  through  which  the  teeth  move  when  sinking 
into  the  rubber  di.sk.  With  hard  rubber  the  teeth  penetrate  the  disk  less  than 
0.1  mm.  and  the  instability  of  the  denture  becomes  a  factor  which  limits  pre- 
ci.sion  of  judgment. 

Tactile  Sensitivitf/  of  Occtusal  and  Incisal  Surfaces  of  Teeth. — The  mean 
thresholds  for  ten  subjects  with  natural  dentitions  are  presented  in  Fig.  4. 
The  .sensitivity  of  anterior  teeth  is  about  ten  times  as  great  as  that  in  posterior 
teeth;  the  mean  threshold  for  the  biting  surface  of  anterior  teeth  is  about  1  Gm. 
whereas  that  for  first  molars  is  8-10  Gm.  This  represents  the  minimum  force 
which  can  be  detected  when  the  force  is  applied  against  the  biting  surface  of 
the  teeth  in  line  with  the  long  axis  of  the  teeth.  Stewart  reported  findings  on 
tactile  sensitivity  of  two  hundred  and  sixty  teeth  of  subjects  18  to  29  yeai-s 
of  age.®  His  data  were  given  in  pressures  of  7  to  50  Gm.  per  square  millimeter 
with  a  mode  at  17  to  21  Gm.  per  square  millimeter.  These  results  cannot  be 
compared  with  our  thresholds  because  of  the  dift'erence  in  techni(}ues. 


Table  I 

Nvmber  of  Subjects  Able  to  Distinguish  Presence  of  CaCO,  at  Different 

Concentrations 


Concentration 

0.1 -2.9 

3-9 

9-24 

Over  24 

Natural  dentition 

9 

10 

10 

10 

Denture  patients 

0-.3 

4 

6 

10 

A  similar  study  of  .several  cases  was  made  with  the  force  applied  to  the 
labial  surfaces  of  the  teeth  with  calibrated  fibers.  The  threshold  forces  in  this 
direction  averaged  about  0.5  to  0.6  (Jm.  for  incisors  and  1.8  to  2.4  Gm.  for  first 
molars.  The  sensitivity  to  the  lateral  forces  appeared  to  be  two  to  five  times 
as  great  as  for  axial  forces.  Eight  denture  wearers  were  then  tested  for 
thresholds  to  forces  ajiplied  to  occlusal  surfaces  of  the  first  premolars  of  the 
mandibular  dentures.  The  subjects  were  so  insensitive  that  additional  hairs 
with  greater  stiffnesses  had  to  be  prepared.  The  stiffest  fiber  available  exerted 
125  Gm.  Five  subjwts  were  insensitive  to  this  force;  one  reacted  to  56  Gm. 
and  the  other  two  to  83  Gm.  The  average  threshold  for  denture  wearers  is 
apparently  over  ten  times  as  great  as  the  threshold  for  persons  with  a  natural 
dentition.  It  can  be  concluded  that  tactile  sensation  from  food  is  greatly 
impaired  by  the  transition  to  dentures. 

Judgment  of  texture  by  ten  natural  and  ten  artificial  dentition  cases  is 
presented  in  Table  I.  The  number  of  subjects  able  to  distingui.sh  presence  of 
(.'at.’Oa  at  different  concentrations  is  coinjiared  for  natural  dentition  and  denture 
cases.  Nearly  all  natural  dentition  cases  could  detect  2.9  jier  cent  CaCO;,  or 
less,  whereas  the  majority  of  denture  cases  reipiired  over  9  jier  cent  CaCOa 
for  detection.  The  denture  cases  had  a  very  wide  range  in  threshold  which 
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extended  l)eyond  the  concentrations  of  CaCOg  which  were  originally  selected; 
three  would  have  needed  tests  with  more  than  29  per  cent  CaCOg  and  three 
would  have  required  tests  with  less  than  9  per  cent.  Hence  the  thresholds 
cannot  be  specified,  yet  it  is  clear  that  the  sensitivity  of  texture  judgment  for 
the  majority  of  denture  ca.ses  is  considerably  less  than  that  for  normal  dentition 
cases. 


TACTILE  SENSITIVITY 
OF  TEETH 


6S432I  I234S6 

TOOTH  NUMBER 


- MAXILLARY 

^  MANOBULAR 

FiK.  4. 

DISCUSSION 

When  the  results  of  the  five  tests  are  considered  together,  they  make  a 
consistent  picture  of  the  differences  between  sensory  thresholds  for  teeth  of 
the  natural  and  artificial  dentition  cases.  The  transition  to  dentures  does  not 
impair  the  sensations  of  size  and  hardness  of  the  food  bolus,  because  these 
sensations  are  perceived  by  proprioceptive  impulses  which  originate  in  muscles, 
tendons,  or  joints  rather  than  the  periodontal  membrane.  The  relative  motion 
between  the  denture  and  the  mandible  during  chewing  has  been  shown  by 
Boucher®  to  be  about  0.1  mm.  With  a  gentle  closure  the  relative  motion  is 
presumably  even  less,  and  it  is  insufficient  to  interfere  with  a  hardness  judg¬ 
ment  in  which  the  teeth  move  more  than  1  mm.  into  the  test  object.  With  the 
harder  test  objects  studied,  the  teeth  sink  into  the  test  object  0.1  mm.  or  less, 
and  greater  force  is  reipiired.  Then  the  motion  of  denture  into  the  test  object 
and  toward  the  mandible  or  maxilla  become  similar,  and  the  denture  wearer 
is  at  a  disadvantage  compared  with  the  natural  dentition  case,  where  axial 
movement  under  load  is  presumably  much  less. 
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The  denture  wearer  is  at  a  great  disadvantage  for  detection  of  very  small 
forces,  since  the  force  would  normally  be  spread  over  several  square  centimeters 
of  denture  supporting  area  and  the  pressure  would  be  quite  low.  The  same 
force  on  a  natural  tooth  exerts  a  higher  pressure  because  of  the  smaller  area 
of  the  root.  The  periodontal  membrane  contains  deep  pressure  nerve  endings 
in  close  proximity  to  the  tooth  which  moves  under  the  influence  of  the  force." 
Both  of  these  conditions  help  the  natural  dentition  to  be  more  sensitive. 

The  sensory  cues  by  which  CaCOs  is  detected  in  pudding  are  either  vibra¬ 
tory  or  auditory.  The  denture  is  sei)arated  from  bone  by  a  millimeter  or  more 
of  tissue,  whereas  the  tooth  roots  are  encased  in  bone  sei)arated  by  a  layer  of 
tissue  one  third  mm.  or  less  in  thickness  which  may  be  sensitive  to  vibration. 
Here  again  the  denture  wearer  is  handicai)ped  probably  because  of  inadequate 
mechanical  “coupling”  between  the  teeth  and  sensory  elements  for  vibration 
or  sound.  It  is  probable  that  this  handicaj)  has  the  practical  result  of  diminish¬ 
ing  the  denture  wearers’  enjoyment  of  food.  A  diet  designed  for  such  ])atients 
would  logically  contain  foods  with  striking  differences  in  texture  and  crispne.ss. 

SUMMARY 

Judgment  of  thickness  of  disks  between  anterior  teeth  is  similarly  acute 
among  denture  wearers  and  persons  with  a  natural  dentition.  The  minimal 
thre.shold  is  0.18  mm.  or  3.3  per  cent  of  disks  about  5  mm.  thick. 

The  acuteness  of  hardness  judgments  by  natural  and  artificial  dentition 
cases  is  similar  when  tested  on  .soft  rubber  disks  between  anterior  teeth.  With 
hard  rubber  disks  the  denture  wearers  are  less  sensitive. 

The  tactile  thresholds  on  biting  surfaces  of  teeth  of  natural  dentition  cases 
ranged  from  an  average  of  1  Gm.  on  anterior  teeth  to  10  Gm.  on  molar  teeth. 
The  median  threshold  for  eight  denture  cases  was  over  125  Gm.  at  the  first 
I)remolar  position  on  the  denture. 

Nine  out  of  ten  natural  dentition  cases  were  able  to  detect  2.9  per  cent  or 
less  Cat.’Gs  in  bland  pudding,  whereas  six  out  of  ten  denture  wearers  required 
over  9  per  cent. 

In  general  it  appears  that  the  sensory  discrimination  of  denture  patients 
is  not  impaired  when  the  forces  and  movements  involved  are  of  the  magnitude 
used  in  mastication.  When  very  small  forces  or  movement  are  encountered 
as  in  judgments  of  texture,  the  denture  patients  seem  to  possess  considerable 
handicap. 
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|{KT.ATION  OF  DENTAL  CARIES  EXPERIENCE  AND  GINGIVITIS 
TO  GEOGRAPHIC  LOCATION  AND  SIZE  OF  COMMUNITY 
IN  MALES  17  TO  21  YEARS  OLD 
(AT  THE  GREAT  LAKES  NAVAL  TRAINING  CENTER) 

MAURY  :\rA8.SLER,  D.D.S,,  M.S.,  AND  WILLIAM  LUDWICK,  A.B..  B.Sc.,  D.D.S. 

CoUeye  of  Dentistry,  University  of  Illinois,  Chicago,  III.,  and  Great  Lakes  Naval  Training 

Center,  Great  Lakes,  III. 

Examination  of  naval  inductees  entering  the  Great  Lakes  Naval  Train¬ 
ing  Center  offered  the  oj)i)ortiinity  to  analyze  differences  in  dental  caries 
experience  and  in  gingivitis  in  men  coming  from  different  areas  of  the  United 
States.  Each  inductee  was  examined  in  a  routine  fashion  for  dental  decay 
and  periodontal  disturbances  (using  mouth  mirror  and  explorer  only).  The 
findings  were  tabulated  as  the  number  of  DMF*  teeth  and  tooth  surfaces 
affected  per  person  and  the  number  of  P+M^A**  gingival  units  affected  per 
])erson. 

The  residence  of  each  man  examined  was  determined  as  to  (1)  geographic 
location  and  (2)  size  of  community.  The  distribution  of  persons  examined 
is  tabulated  in  Tables  I  and  HI. 

FINDINGS 

Dental  Caries  and  Geographic  Location. — The  data  were  grouped  accord¬ 
ing  to  three  major  geographic  areas  east  of  the  Mississippi  River:  Northeast, 
South  and  Central  (Fig.  I).*** 

Table  I  shows  that  the  dental  caries  experience  of  men  living  in  the  South¬ 
ern  states  was  significantly  less  than  those  coming  from  the  Northeastern  area. 
Men  living  in  the  Central  states  showed  a  caries  experience  almost  midway 
between  the  two  and  close  to  the  average  for  the  entire  group  (Fig.  2). 

Gingivitis  and  Geographic  Location. — In  contrast  to  the  difference  in  dental 
caries  experience,  gingivitis  was  not  significantly  different  in  men  coming  from 
the  Southern,  Northeastern,  or  Central  states  (Table  II  and  Fig.  3). 

Size  of  Community. — Analysis  of  dental  caries  experience  according  to 
the  size  of  the  community  in  which  the  inductee  had  resided  showed  that  no 
significant  differences  in  DMF  rates  existed  in  males  coming  from  rural  areas, 
suburban  areas,  cities  or  metropolitan  areas  (Table  III),  This  was  also  true 
of  gingivitis.  The  P+M  f^A  rate  did  not  change  significantly  with  the  size  of 
the  community  in  which  the  pemm  had  lived  (Table  IV). 

This  was  a  joint  investigation  in  a  fleltl  of  mutual  interest  by  the  I’niversity  of  Illinois 
Coliege  of  Dentistry  and  the  Dental  Department,  Administrative  Command,  United  States 
Naval  Training  Center,  Great  Dakes,  Illinois,  with  the  approval  and  support  of  the  Bureau 
of  Medicine  and  Surgery,  Navy  Department. 

Research  grants  from  the  Division  of  Research  Grants  and  Fellowships  of  the  National 
Institutes  of  Health,  United  States  Public  Health  Service,  supported  the  phase  of  the  study 
conducted  by  the  University  of  Illinois  College  of  Dentistry. 

The  opinions  and  assertions  of  the  authors  are  not  to  be  construed  as  offlcial  or  re¬ 
flecting  the  views  of  the  Navy  Department  or  the  Naval  Service  at  large. 

Received  for  publication,  Nov.  1.  1951. 

*D,  decayed:  M,  missing;  F,  filled  teeth  or  tooth  surfaces  as  outlined  by  Klein  and 
Palmer.* 

**P,  papillary;  M,  marginal;  A,  attached  gingival  areas  as  outlined  by  Massler,  Schour 
and  Chopra.* 

•••The  number  of  men  coming  from  the  far  West  was  so  small  and  the  distribution  in 
area  so  large  that  these  figures  were  discarded. 
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Table  I 


Relation  of  Dental  Caries  Experience  to  Geographic  Ixm  ation  in  Males  17  to  21 
Years  of  Age  Examined  at  the  Great  Lakes  Naval  Training  Center 


NUMBER  OP  PERSONS  EXAMINED 

i 

d: 

VVERAGE  NUMBER  OF 

TEETH 

SON 

SURFACE 

NORTH- 

EAST- 

SOUTH- 

NORTH- 

SOUTH- 

AGE  IN 

TOTAL 

ERN 

CENTRAL 

FASTERN 

WESTERN 

TOTAL 

EASTERN 

CENTRAL 

FJVSTERN 

YEARS 

GROUP 

STATES 

STATES 

STATES 

STATES 

GROUP 

STATES 

STATES 

STATES 

17 

998 

355 

281 

293 

69 

9.1 

11.0 

8.6 

7.1 

19.9 

24.6 

19.3 

14.6 

18 

619 

186 

168 

200 

65 

10.1 

11.9 

9.7 

8.6 

22.6 

27.5 

21.6 

19.2 

19 

359 

90 

125 

1  109 

35 

10.2 

12.0 

10.7 

8.1 

! 

1 

22.6 

1  27.3 

24.3 

17.6 

20 

244 

33 

112 

1  64 

i  35 

11.5 

1  14.2 

11.1 

9.8 

25.8 

34.1 

24.1 

22.8 

21 

148 

28 

65 

1  33 

11.3 

12.3 

11.5 

9.6 

i 

24.2 

'  29.9 

24.5 

19.8 

17-21 

2368 

692 

751 

699 

226 

9.9 

1  11.6 

9.8 

8.1 

21.9 

1  26.4 

21.8 

17.4 

Northeast — Conn.,  Del.,  Maine,  Mass.,  N.  H.,  N.  J.,  N.  Y.,  Pa.,  R.  I.,  Vt. 
Central — Ill.,  Ind.,  Mich.,  Ohio,  \Vis. 

Southeast — Ala.,  D.  C.,  Fla.,  Ga.,  Ky.,  Md.,  Miss.,  N.  C.,  S.  C.,  Tenn.,  Va.,  W.  Va. 
West — 22  states  west  of  the  Miss.  K.  (including  Hawaii  and  Puerto  Rico). 


DISCUSSION 

These  findings  substantiate  previous  reports  and  impressions  that  dental 
caries  experience  was  sijjnificantly  different  in  men  from  different  ‘reographie 
areas  in  the  United  States.^  Men  living  in  the  southeastern  part  of  this  countrj’ 
showed  a  significantly  lower  number  of  DMF  teeth  than  men  residing  in  the 
Xorthea.st.  The  Central  states  seemed  to  lie  between  these  two  extremes. 

The  reason  for  regional  differences  in  the  caries  attack  rate  is  speculative. 
Analysis  of  the  distribution  of  fluoride-containing  water  supplies  and  oral 
hygiene  habits  might  serve  to  elucidate  this  finding.  Mills,®  Klein  and  Palmer,® 
Ea.st,®  Klein  and  Palmer,*  and  Blackerby®  have  suggested  that  a  lower  caries 
attack  rate  might  be  related  to  the  greater  amount  of  sunshine  experienced  by 

Table  II 

Gingivitis  Experience  in  Three  Gewraphic  Arias  as  Determined  in  Males  17  to  21 
Years  of  Age  Examined  at  the  GreiVt  Lakes  Naval  Training  Center 


AVERAGE  number 
1  P  +  M  +  A  GINGIVAL  UNITS 

PER(!ENTAGE  OF  PERSONS  AFFEC'TED  j  AFFECTED  PER  PERSON 


AGE  IN 

YEARS 

NUM¬ 

BER 

EXAM¬ 

INED 

TOTAL 

GROUP 

NORTH¬ 

EASTERN 

.STATES 

CENTRAL 

STATES 

SOUTH¬ 

EASTERN 

STATES 

TOTAL 

GROl'P 

NORTH- 

E.\.STERN 

STATES 

CENTRAL 

STATES 

SOUTH¬ 

EASTERN 

STATES 

—  j7  - 

998^ 

57X^ 

55.5 

56.0 

4.9 

4.4 

5.3 

5.1 

IS 

619 

60.4 

61.8 

55.4 

64.5 

5.9 

5.3 

5.0 

7.5 

19 

359 

55.2 

53.4 

56.8 

60.6 

5.7 

4.6 

5.5 

6.1 

20 

244 

59.8 

66.7 

58.0 

59.4 

6.2 

4.8 

7.1 

5.9 

21 

148 

59.5 

67.9 

60.0 

57.6 

5.7 

5.4 

5.8 

7.6 

17-21 

2368 

60.3 

587o 

.58.1 

59.5 

5.5 

“477 

5.H 

6.1 
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Fig.  1. — Map  showing  geographic  areas  from  which  enlistees  were  derived. 


Table  III 

Rf,i.ation  ok  De.ntal  Caries  Experience  to  Size  of  Community  in  Males  1"  to  21  Years 
Old  Examined  at  the  Great  Lakes  Naval  Training  Center 


teeth 

AVERAGE  NUMBER  DMF - PER  PFJtSON 

SURFACES 

LESS  I  2,500  25,000 

TOTAL  THAN  TO  TO 

GROUP  2,500  24,090  00,000 

Ol  8.2  on  8.8 

10.9  18.0  10.0  10.1 

10.1  0.4  0.0  11.2 

21.1  '2^  24.0 

10.2  0.0  10.2  11.5 

'22!o  Tr4  21.0  27.1 

11.5  10.5  11.0 

2f).H  2;i.3  27.4  20.8 

11. :i  10.3  12.3  11.3 

2412^  22.0  2^ir  l’0.3 

0.0  0.3  10.1  10.2 

21.0  ~20.5  22Tir  ^.8 

•Arranged  according  to  size  of  community 

Less  than  2,500  =  Rural  communities  (farms,  villages  and  small  towns) 

2,500  to  24,999  =  Suburban  areas  and  large  towns 
25.000  to  99,999  =  Cities 
100,000  =  Metropolis 


1 00,000  r 

0.7 

21.6 

10.0 

24.0 

lao 

11.5 

26.1 

11.5 

‘24.6 

10.3 

'23.1 


NUMBER  OF  PERSONS  EXAMINED* 

LESS  2,500  25,000 

AGE  IN  TOTAL  THAN  TO  TO 

YEARS  GROUP  2,500  24,009  90,900  100,000+ 

17  094  335  246  160  253 

IS  619  220  107  88  105 

10  359  1.30  118  .30  72 

20  242  75  87  .38  42 

21  147  50  42  21  .34 

17-21  2.361  819  705  .346  506 
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persons  living  in  the  South.  This  hypothesis  should  be  tested  with  well-eon- 
trolled  animal  experiments.  It  was  very  interesting  to  discover  that  gingivitis 
experience  appeal’s  to  be  the  same  in  these  three  areas  of  the  United  States. 

It  was  surprising  to  discover  that  neither  caries  experience  nor  gingivitis 
was  significantly  different  in  persons  from  rural  and  metropolitan  areas  because 
the  mode  of  living,  dietary  habits,  nutritional  status,  and  oral  hygiene  have 
always  been  assumed  to  differ  markedly  in  such  communities.  One  had  expected 
a  reflection  of  these  in  the  caries  attack  rate  and  gingivitis  experience.  This 
study  shows  that  there  is  apparently  no  difference  in  the  average  amount  of 
caries  and  gingivitis  in  pereons  living  in  communities  of  different  sizes. 


Cories  Experience  in  Moles  from  Three  Geogrophicol  Areas 


Kip.  2. — Difference  in  caries  experience  amonp  2,368  males,  aped  17  to  21  years,  cominp 
from  3  peopraphical  areas  in  the  United  States.  DMF:  averape  number  of  decayed,  missinp, 
and  filled  tooth  surfaces  per  person. 

SUMMARY  AND  CONCLUSIONS 

Dental  caries  experience  and  gingivitis  were  analyzed  in  2,368  young 
adult  men  17  to  21  years  of  age  coming  from  the  Northeastern,  Central,  and 
Southern  states  and  from  communities  of  different  sizes  in  these  areas.  It 
was  found  that  the  men  coming  from  the  Southern  states  showed  significantly 
fewer  DMF  teeth  and  tooth  surfaces  than  those  coming  from  the  Northeast. 
Pensons  from  the  Central  .states  showed  a  caries  experience  almost  median 
between  the  other  two  areas.  The  amount  and  degree  of  gingivitis  was  the 
same  in  persons  from  all  three  areas. 
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Gingivitis  in  Males  from  Three  Geographic  Areas 


AGE  IN  YEARS 


Fig.  3. — Similarity  In  gingrivitis  experience  among  2,368  males,  aged  17  to  21  years,  coming 
from  3  geographical  areas  in  the  United  States,  P+M+A:  average  number  of  papillary,  mar¬ 
ginal.  and  attached  gingival  units  affected  per  person. 
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The  number  of  carious  (DMF)  teeth  or  tooth  surfaces  and  the  number 
of  inflamed  gingival  units  (P+M+A)  was  not  signifleantly  different  in  men 
coming  from  rural,  suburban,  city  or  metropolitan  communities. 

We  wish  to  express  our  appreciation  to  Captain  C.  W.  Schantz,  DC  USN,  Dental 
Officer,  for  his  aid  and  cooperation;  to  Dr.  Jack  Zwemer,  who  supervised  the  statistical 
tabulations  by  means  of  I.B.M.  cards;  to  LCDR  E.  T.  Guay,  DC  USN,  for  the  caries 
examinations;  and  to  K.  B.  Bass,  M.8.,  and  W,  R.  Martin,  DN  USN,  for  their  active 
participation  in  the  survey  of  the  enlistees. 
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KKLATION  DENTAL  CARIES  EXPBIRIENCE  AND  GINGIVITIS 
TO  CIGARETTE  SMOKING 
IN  MALES  17  TO  21  YEARS  OLD 
(AT  THE  GREAT  LAKES  NAVAL  TRAINING  CENTER) 

WILLIAM  LUDWICK,  D.D.S.,  A.B.,  B.Sr.,  AND  MAURY  MASSLER,  D.D.S.,  M.S. 

U.S,  Naval  Training  Center,  Great  Lakes,  III.,  and  University  of  Illinois, 

College  of  Dentistry,  Chicago,  III. 

TIIBj  (jiiestion  has  often  been  raised  as  to  whether  there  is  any  relationship 
l)etween  smoking  (or  ohewdn*?)  tobacco  and  dental  caries  experience.  A 
similar  question  mi»ht  be  raised  as  to  the  relation  between  smoking  and 
gingivitis. 

mf:thods  and  material.s 

This  study  was  based  upon  the  examination  of  2,577  naval  enlistees  at  the 
Great  Lakes  Naval  Training  Center.  They  represented  a  fair  cross  section  of 
the  youth  living  east  of  the  Mississippi  River.  All  w^ere  adult  white  males 
between  the  ages  of  17  to  21  years.  The  number  of  D^IF*  teeth  and  tooth  sur¬ 
faces  and  the  number  of  inflamed  gingival  units  (PMA)t  in  each  person  were 
calculated  as  previously  described.®  Each  person  was  asked  to  state  the  total 
number  of  cigarettes  (or  other  tobacco)  which  he  consumed  per  day. 

FINDINGS 

Number  of  Cigarettes  Stnoked  per  Day. — Fig.  1  shows  that  the  frequency 
distribution  in  the  number  of  cigarettes  smoked  per  day  fell  sharply  into  four 
groups:  those  who  consumed  no  tobacco  and  those  who  smoked  5,  10,  15,  or  20 
cigarettes  per  day.  Since  these  were  young  adult  males,  17  to  21  years  of  age, 
the  length  of  time  each  person  had  been  smoking  varied  from  one  to  six  years 
according  to  age. 

Relation  of  Dental  Caries  Experience  to  Cigarette  Smoking. — Table  I  shows 
that  at  the  ages  of  17  and  18,  those  who  did  not  smoke,  or  smoked  only  5  cigarettes 
I)er  day  had  slightly  less  caries  than  those  who  smoked  15  or  20+-  cigarettes  per 
day.  The  difference  was  statistically  significant.  At  the  ages  of  19  and  20 
yeare  the  difference  was  large  and  very  significant.  Those  who  smoked  less 
than  6  cigarettes  per  day  showed  a  significantly  lower  number  of  DMF  teeth 
and  tooth  surfaces  than  those  w'ho  smoked  15  or  more  cigarettes  per  day  (Table 
I  and  Fig.  2).  This  difference  was  marked  after  19  years  of  age  presumably 
because  of  the  longer  time  of  smoking.  The  difference  became  less  at  the  age  of 
21  because  of  the  small  number  of  pei’sons  examined. 

The  opinions  and  assertions  of  the  authors  are  not  to  be  construed  as  ofTicial  or  reflecting 
the  views  of  the  Navy  Department  or  the  Naval  Service  at  large.  Received  for  publication. 
Sept.  10,  1951;  Revised,  Dec.  6,  1961. 

This  paper  is  the  result  of  a  Joint  investigation  in  a  fleld  of  mutual  Interest  by  the  Uni¬ 
versity  of  Illinois  College  of  Dentistry  and  the  Dental  Department,  Adndnistrative  Command, 
U.  S.  Naval  Training  Center,  Great  Lakes,  Illinois,  with  the  approval  and  support  of  the 
Bureau  of  Medicine  and  Surgery,  Navy  Department. 

Research  grants  from  the  Division  of  Research  Grants  and  Fellowships  of  the  National 
Institutes  of  Health,  United  States  Public  Health  Service,  supported  the  phase  of  the  study 
conducted  by  the  ITnlversIty  of  Illinois  College  of  Dentistry. 

•D,  decayed;  M.  missing;  F,  fllle<l  teeth  or  tooth  surfaces  (Klein  and  Palmer*). 
tP.  papillary;  M,  marginal;  A,  attached  gingival  units  affected  (Massler,  Schour,  and 
Chopra*). 
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%  (ot  Great  Lakes  Naval  Training  Center) 

30p  n  »  2681 

Age  =  17-21  years 

25-  ■ 


«» 

i 


0I2  3456789I0III2I3I4I5I6I7I8I9  20  2  5  30  40 


Average  No.  Cigarettes  Smoked  per  Ooy 


Fig.  1. — Distribution  of  persons  consuming  tobacco  in  2,681  males,  ages  17  to  21  years,  exam* 
ined  at  the  Great  Lakes  Naval  Training  Center. 


AGE  IN  YEARS 


Fig.  2. — Difference  in  caries  experience  between  persons  smoking  only  occasionally  or  not  at 
all  and  those  consuming  more  than  15  cigarettes  per  day. 
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Gingivitis. — The  number  of  inflamed  ffinjfival  areas  was  not  sif?nificantly 
correlated  with  different  degrees  of  smoking  (Table  1).  There  did  not  appear 
to  be  any  relationship  between  cigarette  smoking  and  gingivitis  in  this  group. 

DISCISSION 

The  finding  that  dental  caries  experience  was  significantly  less  in  those  who 
did  not  smoke  or  smoked  seldom  was  unexpected  jn  view’  of  the  common  supposi¬ 
tion  that  those  who  smoke  (or  chew)  tobacco  heavily  show'  less  caries.  Schmidt* 
reported  that  an  increase  in  tobacco  smoking  was  followed  by  a  decrease  in 
caries  rate.  In  this  group  a  caries-inhibiting  effect  of  tobacco  was  not  apparent. 
The  reverse  was  evident.  However,  the  fact  that  the.se  men  had  been  .smoking 
for  a  relatively  short  time  should  be  taken  into  account. 

It  should  be  pointed  out  that  the  relation  of  smoking  to  caries  experience 
as  observed  in  this  study  may  be  merely  coincidental.  Whether  any  causal 
relationship  exists,  either  direct  or  indirect,  needs  to  be  tested  by  controlled 
experimental  observations. 

The  gingivitis  rate  was  not  significantly  different  in  smokers  and  non- 
smokers.  Pindborg*’  ^  examined  a  large  group  of  Danish  seamen  and  similarly 
found  that  the  number  of  persons  with  simple  marginal  gingivitis  was  not 
different  in  smokers  or  nonsmokers  although  the  incidence  of  ulceromembranous 
gingivitis  and  calculus  w’as  significantly  greater  in  the  group  of  smokers.  In 
our  group,  the  incidence  of  ulceromembranous  gingivitis  was  very  low  (20  mild 
cases  in  3,880  enlistees).  In  the  group  with  ulceromembranous  gingivitis,  13  men 
smoked  more  than  16  cigarettes  per  day,  6  men  smoked  from  6  to  15  cigarettes 
per  day,  while  only  one  did  not  smoke  at  all.  This  confirms  Pindborg’s 
observations. 


SUMM.\RY  AND  CONCLUSIONS 

The  relation  of  cigarette  smoking  to  caries  experience  and  gingivitis  was 
inve.stigated  in  2,577  naval  enlistees,  17  to  21  years  of  age.  It  wras  found  that 
those  who  smoked  more  than  an  average  of  15  cigarettes  per  day  had  a  sig¬ 
nificantly  greater  number  of  decayed,  missing,  and  filled  teeth  and  tooth  surfaces 
than  those  who  smoked  less  than  6  cigarettes  per  day.  On  the  other  hand,  the 
amount  of  simple  gingivitis  was  not  related  to  the  number  of  cigarettes  smoked 
per  day. 

We  wish  to  express  our  appreciation  to  Captain  C.  W.  Sohantz,  DC  USN,  Dental  Officer, 
for  his  aid  and  coof)eration;  to  Dr.  Jack  Zwenier,  who  8upervise<l  the  statistical  tabulations  by 
means  of  I.B.M.  cards;  to  liCDR  E.  T.  Guay,  DC  USN,  for  the  caries  examinations;  and 
to  K.  B.  Bass,  M.S.,  and  W.  K.  Martin,  DN  USN,  for  their  active  participation  in  the 
survey  of  the  enlistees. 
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TESTING  THE  UNIFORMITY  OF  THE  P-M-A  INDEX  AS  A 
MEASUREMENT  OF  PERIODONTAL  DISEASE 
HKNRY  C.  HANDLER,  D.M.D.,  M.P.H. 

Veterann  Admini/itration  Hospital,  Brooklyn,  N.  Y. 

TIH]  P-M-A  Index  proposed  by  Massler  and  Schour*  and  used  in  many 
studies  of  periodontal  disease,  is  said  to  combine  “simplicity,  speed,  ac¬ 
curacy,  quantitativeness,  and  reproducibility.”  Its  proponents  point  out  that 
the  measurement  records  the  extent  of  the  disease  by  counting  the  number  of 
gingival  units  affected.  They  also  note  that,  since  inflammatory  lesions  of  the 
gingiva  tend  to  begin  in  the  papillary  gingiva,  to  spread  from  that  area  into 
the  marginal  gingiva  and,  in  severe  gingivitis,  to  affect  the  attached  gingiva 
(periodontitis),  the  location  of  the  abnormality  is  an  additional  index  of  the 
severity  of  the  disease. 

Es.sentially,  the  measurement  depends  upon  the  differentiation  between 
normal  and  inflamed  gingiva.  Extreme  inflammatory  reactions  are  easily 
re<‘ognizable  but  the  differentiation  of  mildly  inflamed  gingiva  is  not  as  clear 
cut.  Although  the  index  is  advocated  fi>r  all  ages,  its  greatest  area  of  useful¬ 
ness  would  seem  to  be  directed  toward  children  because  inflammatory’  changes 
of  the  gingiva  are  most  characteristic  of  the  younger  ages,  and  because  children 
are  more  likely  to  have  most  of  their  teeth  present.  In  older  age  groups,  un¬ 
complicated  gingival  inflammation  is  comparatively  less  frequent  while  atrophic 
and  noninflammatory  periodontal  reactions,  such  as  gingivosis,  periodontosis 
and  recession,  occur  more  often.  As  the  number  of  teeth  present  in  the  mouth 
decreases  with  age,  the  measurement  decreases  in  significance.  The  number 
of  papillae  or  marginal  gingiva  or  attachments  can  be  no  larger  than  the  number 
of  teeth  in  the  mouth  and  ratios  based  upon  a  few  teeth  can  be  very  misleading. 

Because  of  the  need  for  better  objective  measurements  of  periodontal  dis¬ 
ease,  and,  despite  these  theoretical  limitations  of  the  P-^I-A  Index,  this  meas¬ 
urement  was  applied  to  an  adult  group  to  determine  if  different  examiners  are 
likely  to  obtain  the  same  findings.  The  dental  staff  at  the  Brooklyn  Veterans 
Hospital  carefully  reviewed  the  criteria  of  the  measurement  and  a  uniform 
e.xamination  and  recording  technique  was  outlined.  P  was  defined  as  “any 
degree  of  inflammation  of  the  interdental  papilla  mesial  to  the  tooth”;  M  was 
defined  as  “any  degree  of  inflammation  of  the  marginal  gingiva  on  the  facial 
aspect”;  and  A  was  defined  as  “any  dLsturbance  of  attachment  as  indicated  by 
any  degree  of  recession  of  the  marginal  gingiva  from  normal  contour.”  The 
examinations  were  performed  by  dentists  and  were  recorded  by  trained  dental 
assistants.  After  several  weeks  of  experience  with  the  technique,  a  test  was 
planned  and  executed. 

Within  two  or  three  days  after  their  admis.sion  to  this  hospital,  all  patients 
who  are  not  too  ill  for  such  an  experience,  receive  a  dental  and  oral  examina¬ 
tion,  including  a  full  mouth  series  of  intraoral  x-rays.  On  a  specified  day,  ten 
patients  who  had  eight  or  more  teeth,  were  selected  and  were  examined  by  all 

Reviewed  in  the  Veterans  Administration  and  published  with  the  approval  of  the  Chief 
Medical  Director.  The  statements  and  conclusions  published  by  the  author  are  the  result  of 
his  own  study  and  do  not  necessarily  reflect  the  opinion  or  policy  of  the  Veterans  .Vdministra- 
tion. 

Received  for  publication,  Jan.  26,  1952. 

•Massler,  M.,  Schour,  M.,  and  Chopra,  H. :  Occurrence  of  OinKivitls  in  Suburban  Chicago 
Children,  ./.  Periodont.  *1;  146,  1950, 
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of  the  dentists,  including  a  periodontist.  Lighting  and  instruments  remained 
the  same  for  each  patient  and  the  P-M-A  Index  was  recorded  for  each  patient 
hy  the  same  dental  assistant. 

The  findings  varied  widely  from  patient  to  patient,  but  the  variations 
between  dentists  on  examinations  of  the  same  patient  (Table  I)  were  unex¬ 
pectedly  wide.  Theoretically,  all  of  the  examiners  should  obtain  the  same 
readings  on  the  .same  patient.  However,  differences  of  concentration,  interest, 
training  and  technique  may  all  influence  the  number  of  defects  observed. 

Since  any  series  of  measurements,  how'ever  accurate  the  measuring  rod, 
may  vary  by  chance,  the  differences  observed  by  this  group  of  dentists  might 
also  fall  wdthin  rea.sonable  limits  of  chance  variation.  The  question  asked  about 
the.se  observations  was;  what  is  the  probability  that  such  a  diversity  of  findings 
could  ocur  by  chance  alone?*  Table  II  lists  the  probability  that  a  diversity  of 
findings  as  wdde  as  was  found  by  this  group  of  dentists  might  be  expected  to 


Table  II.  The  Average  Number  ok  Periodontat.  Lesions  Found  by  Eight  Examiners  Who  Ex¬ 
amined  THE  Same  Patients,  and  the  Probability  That  the  Variation  of 
Observations  Could  Have  Been  Due  to  Chance 


PATIENT 

DEGREES 

OF 

FREEDOM 

(N) 

NUMBER  OF  PAPILLAE 

INFIAMED  (P) 

NUMBER  OF  MARGINAL 
GI.NGIVAE  INFLAMED  (M) 

.  NUMBER  OF  GINGIVAE 

RECEDED  (A) 

MEAN 

m 

PROB¬ 

ABILITY 

MEAN 

mm 

PROB¬ 

ABILITY 

MEAN 

1 

X* 

PROB¬ 

ABILITY 

7 

6.9 

9.65 

_22 

5.6 

16.60 

.02* 

9.7 

11.48 

.12 

7 

11.4 

7.06 

.43 

13J> 

9.37 

.20 

9.5 

24.22 

.001* 

7 

13.8 

3.53 

.85 

1.3.0 

5.06 

.66 

15.5 

4.79 

.70 

7 

2.8 

26.78 

<.001* 

3.0 

20.73 

.005* 

1.3 

33.79 

<.0005* 

7 

2.1 

9.05 

.25 

1.1 

15.73 

.03* 

0.37 

10.42 

.15 

7 

2.8 

20.58 

.005* 

Q 

27.04 

<.001* 

0.37 

10.42 

.15 

7 

16.9 

2.63 

.90 

14.8 

9.61 

11.7 

21.37 

.004 

5 

1.8 

17.93 

.003* 

1.5 

6.33 

.30 

6 

13.3 

13.13 

.04* 

9.4 

18.37 

.006* 

4.3 

73.80 

<.0005* 

6 

5.4 

44.78 

<.0005 

5,1 

31.99 

<.0005* 

3.7 

30.10 

<.0005* 

•Variation  of  examinations  as  great  as  these,  m  ight  be  expected  to  occur  by  chance  alone  very  in^ 
frequently. 


occur  by  chance  alone.  Accepting  the  conventional  5  per  cent  level  of  signifi¬ 
cance,  it  will  be  noted  that  four  out  of  the  ten  papillae  series  are  improbable 
of  chance  occurrence.  Similarly,  of  the  marginal  inflammation  series,  five  are 
improbable,  and  of  the  attachment  series,  five  are  improbable.  No  pattern  of 
agreement  could  be  deduced  as  between  high  or  low’  average  findings  and  the 
probability  of  agreement  betw’een  examiners. 

CONCLUSIONS 

The  P-M-A  Index  as  a  mea.surement  of  periodontal  disease  of  adults,  suffers 
from  serious  theoretical  deficiencies.  A  test  of  the  measurement  demonstrated 
that  the  findings  of  eight  dentists  upon  examinations  of  the  same  group  of 
adult  patients,  tend  to  be  w’idely  divergent. 

The  fact  that  different  dentists  do  not  tend  to  agree  upon  the  measurement 
does  not  preclude  its  use  by  a  single  observer,  but  any  comparison  of  observa¬ 
tions  made  by  different  dentists  must  be  made  w’ith  extreme  caution. 

•The  Chi  square  test  is  particularly  suited  to  measure  the  concordance  between  these 
observations  and  the  most  probable  expected  flnding.  the  mean. 


THE  EFFECT  OF  TOBACCO  SMOKE  UPON  SOME  BACTERIA 

H.  J.  TURKHEIM,  D.M.D.* 

London,  England 

According  to  Hobson,®  21  million  smokers  over  the  age  of  sixteen  consume 
weekly  almost  4  million  pounds  of  tobacco  in  Great  Britain.  Apart  from 
psychologic  factors  the  following  organ  systems  have  been  cited  as  influenced  by 
tobacco:  the  cardiovascular  system,  the  oral  and  gastric  mucosa,  and  the  pul¬ 
monary  system.  The  possible  influence  of  tobacco  smoke  on  oral  bacteria  has 
been  investigated,’’  ’’  as  well  as  the  relationship  between  the  incidence  of 
Vincent’s  infection  and  gingivitis  and  tobacco,®’”’’^’’®  and  leukoplakia®’*’’*’ 
”’  and  tobacco. 

The  object  of  the  present  study  was  to  determine  the  effects  of  tobacco  smoke 
upon  .some  bacteria  and  on  those  normally  occurring  in  the  mouth.  The  sup¬ 
posed  curative  effects  of  tobacco  smoke  have  long  attracted  attention;  in  fact, 
smoking  was  at  one  time  recommended  for  its  healing  powers.  According  to 
de  Kruif*  Spallanzini  first  observed,  in  the  middle  of  the  18th  century,  the  ad¬ 
verse  influence  of  tobacco  smoke  on  microbes. 

W.  D.  Miller’®  and  many  others  tested  the  sensitivity  of  bacteria  to  tobacco 
smoke  in  vitro  and  in  vivo.  They  found,  and  this  was  confirmed  by  Appleton,’ 
that  tobacco  smoke  is  far  more  bacteriostatic  and  bactericidal  in  vitro  than  in 
the  mouth.  On  agar,  in  broth,  and  on  paper  or  linen  strips  most  pathogenic 
bacteria  are  killed  within  5  to  60  minutes.  Arnold®  remarked  that  “tobacco 
smoke  as  drawn  into  the  mouth  is  very  probably  detrimental  to  the  growth  of 
some  pathogenic  organisms,  but  not  more,  indeed  rather  less  so  than  smoke  from 
other  sources.”  Puntoni’®  found  that  li.  typhosum  on  infected  rabbit  gut  sur¬ 
vived  the  smoke  of  two  cigars  for  more  than  60  minutes.  !Meuly®  reported  that 
C.  diphtheriae  on  rabbit  gingiva  was  still  viable  after  two  hours’  exposure  to 
tobacco  smoke.  Twort  and  Bakker’®  reported  that  the  germicidal  action  of  an 
aerosol  was  completely  eliminated  by  cigarette  smoke. 

Appleton’  stated  that  the  smoking  of  a  cigarette  temporarily  reduced  the 
bacterial  count  in  the  mouth  which  quickly  returned  to  normal.  The  evidence 
obtained  by  many  workers  shows  that  tobacco  smoke  possesses  bacteriostatic  and 
bactericidal  properties  in  vitro  but  that  in  the  mouth  it  is  far  less  potent  and 
apparently  not  bactericidal. 

PRESENT  IXVE.STI(JATIOX 

Two  series  of  experiments  were  performed  to  obtain  further  information. 
In  the  first,  four  agar  slopes  were  inoculated  with  (1)  Staph,  aureus  (Oxford 
strain  No.  6511  Nat.  Collection  of  Type  Cultures),  (2)  E.  coH  (86  N.C.T.C.), 
(3)  B.  suhtilis  (3610),  and  (4)  L.  acidophilus  odontolyticus  (1406).  After  an 
eight-hour  incubation  the  cotton  plugs  in  the  tubes  were  exchanged  for  sterilised 
rubber  stoppers  each  of  which  was  perforated  by  a  sterile  glass  cigarette  holder 

Received  for  publication,  Nov.  12,  1951:  revised  by  author,  April  9,  1952. 
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and  a  sterile  glass  mouthpiece.  One  cigarette  was  then  smoked  through  each 
tube.  This  took  five  to  ten  minutes.  During  this  time,  the  agar  cultures  became 
covered  with  a  thin  oily  film.  Both  the  colonies  on  the  agar  and  the  water 
condensing  at  the  bottom  of  the  tubes  were  tested  for  bacterial  growth  imme¬ 
diately  after  smoking,  24  hours  later  and  48  hours  later.  Table  I  shows  that 
only  E.  coU  was  immediately  affected  by  the  smoke.  After  24  hours  the  con¬ 
densing  fiuid  in  the  Stajih.  aureus,  E.  coli  and  L.  acidophilus  odontolyiicus  was 
sterile  and  the  E.  coli  colonies  on  agar  were  no  longer  viable.  After  48  hours 
B.  suhtilis  showed  diminished  growth  but  L.  acidophilus  odontolyiicus  growing 
in  the  condensing  fiuid  had  recovered. 


Table  I 


BACTERIA  TESTED 

I M  M  EDUTELY  A  ETER 
ONE  CIGARETTE 

AFTER  24  hours 
INCUBATION 

AFTER  48  HOURS 
INCUBATION 

Staph,  aureus 

Water  of  Condensation 

+  +  + 

- 

- 

Staph,  aureus 

Agar 

+  +  + 

+  +  + 

+  +  +  . 

li.  coli 

Water  of  Condensation 

+  +  + 

— 

B.  coli 

Agar 

+  + 

— 

— 

B.  suhtilis 

Water  of  Condensation 

+  +  + 

+  +  + 

+ 

B.  suhtilis 

Agar 

+  +  + 

+  +  + 

+  + 

L.  acidophilus  odontolyt. 
Water  of  Condensation 

+  +  + 

- 

+  + 

L.  acidophilus  odontolyt. 
Agar 

+  +  + 

+  +  + 

+  +  + 

+  +  +  indicate  normal  growth 
^  I  indicate  less  growth 
-  indicate  no  growth 


The  second  series  of  experiments  approached  the  problem  from  a  different 
angle.  Saliva  agar  plates  w’ere  prepared  by  washing  out  the  mouth  with  normal 
saline.  The  resulting  fiuid  was  then  passed  through  a  Seitz  filter  and  mixed 
with  liquid  agar.  Having  been  tested  for  sterility  these  plates  were  then  inocu¬ 
lated  with  (1)  P.  pyocyanect  (1999),  (2)  Chrom.  prodig.  (1377),  (3)  B.  suhtilis 
(3610),  (4)  E.  coli  (86),  (5)  Staph,  aureus  (6511),  (6  &  7)  two  different  strains 
of  L.  acidophilus  odontolyiicus  (strains  “S”  and  “Cr”),  and  (8)  saliva.  These 
plates  and  a  plain  agar  plate  served  as  controls.  A  cigar  was  smoked,  the 
smoke  being  retained  in  the  mouth  as  long  as  possible.  While  retaining  the 
smoke  in  the  mouth,  the  latter  was  washed  with  sterile  saline  and  the  resulting 
“tobacco  smoke — saliva — saline”  was  then  emptied  into  a  beaker,  and  passed 
through  a  Seitz  filter.  The  sterile  filtrate  was  then  mixed  with  liquid  agar, 
poured  into  Petri  dishes  and  inoculated  with  the  same  bacterial  strains  men¬ 
tioned  before. 

No  difference  in  growth  could  be  detected  between  the  cultures  grown  on 
plain  agar  and  those  grown  on  “tobacco — saliva — agar.”  A  remarkable  differ¬ 
ence  in  pigment  production  was  however  noticeable.  P.  pyocyanea  and  Chrom. 
prodigiosum  formed  hardly  any  pigment  on  plain  agar;  on  saliva  agar  the 
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colonies  of  P.  pyocyanca  were  slightly  pink,  while  those  of  Chrom.  prodigiosum 
w’ere  typically  red  and  grew  luxuriantly  at  37°  (J.  Observed  in  filtered  ultra 
violet  light  colonies  of  P.  pyocyanca  were  yellow-green  and  fluorescent,  those  of 
Chrom.  prodigiosum  appeared  as  brown-red  with  a  grey  circumference. 

On  “tobaceo-saliva-agar”  colonies  of  P.  pyocyanca  w'ere  very  strongly  yel¬ 
low  and  fluorescent  whereas  those  of  Chrom.  prodigiosum  were  of  a  brilliant 
purple  with  a  dark  grey  circumference.  The  remaining  strains  showed  up  nor¬ 
mally  under  filtered  u.v.  light.  The  pH  of  the  normal  agar  was  7.0,  that  of  the 
saliva-agar  7.2  and  that  of  the  “tohaeco-saliva-agar”  7.4. 


.SrMM.VKY 

Experiments  have  confirmed  Imth  the  bacteriostatic  and  the  bactericidal 
effect  of  tobacco  smoke  on  certain  organisms  in  vitro,  these  effects  being  more 
marked  in  a  liquid  metlium  than  on  solid  agar.  Bacterial  colonies  grow  as 
freely  on  agar  mixed  with  saliva  treated  with  tobacco  smoke  as  on  plates  con¬ 
taining  only  normal  saliva.  Two  of  the  colonies  grown  on  ‘  ‘ tobaceo-smoke- 
saliva”  showed  distinctive  pigmentation. 
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ALKALINE  PHOSPHATASE  AC.TIVITY  OF  HEALINf} 
(HNHIVAL  WOUNDS  IN  THE  RAT 

J.  R.  RIN(» 

Drpnrfmrnt  of  Jnnfomy,  U'a^hitipton  University  School  of  Dentistry,  St.  Louis,  Mo. 

The  onzynio,  alkaline  i)hosphatase,  lias  a  wide  distrilmtion  in  normal  animal 
tissues'-  *  ami  is  believed  to  subserve  a  number  of  important  metalwilie  fune- 
tions.^-  *'  The  aetivity  of  this  enzyme  in  the  bueeal  epithelium  has  lieen  shown 
to  tluetuate  in  response  to  ehan^res  in  blood  level  of  estrojtenie  hormone  durinj; 
the  normal  estrons  eyele  in  the  rat."  Normal  jrinnival  epithelium,  however,  ex¬ 
hibits  a  eonstantly  low  level  of  alkaline  phosphatase  aetivity  in  man  and  several 
animal  speeies.*''" 

It  has  been  demonstrated  that  maximal  aetivity  of  epithelial  alkaline  phos¬ 
phatase  eoineides  with  ])eak  ])roliferative  or  metabolie  aetivity  of  the  eells." 
The  ilistribntion  of  zones  of  enzymatie  aetivity  in  eornifying  membranes  sug¬ 
gests  a  ix'lationshi])  to  the  jiroeess  of  keratinization."-  It  has  been  postulated 
that  the  level  of  this  enzyme  neeessary  to  maintain  the  keratiniz^ition  of  the 
gingiva  in  the  presenee  of  normal  attrition  may  lie  too  low  for  histoehemieal 
demonstration." 

The  present  experiments  were  undertaken  in  order  to  study  any  changes 
from  the  normally  low  epithelial  alkaline  phosphatase  aetivity  which  might  occur 
in  gingivae  healing  from  surgical  wounds. 

METHODS 

Forty-six  normal  albino  rats  were  used  in  these  experiments;  24  females 
and  22  males.  All  animals  were  anesthetized  with  Nembutal.  The  interdental 
l)ai)illa  of  the  maxillary  incisor  teeth  was  first  swabl)ed  with  a  1 :2500  solution 
of  Metaphen.  An  incision  was  then  made  in  the  midsagittal  plane  for  a  dis¬ 
tance  of  about  3  mm.,  stopping  just  short  of  the  free  margin.  Gentle  pressure 
was  applied  until  hemorrhage  was  controlled.  In  a  few  cases,  two  parallel  in¬ 
cisions  were  made  about  1  mm.  apart,  with  one  of  the  incisions  somewhat  shal¬ 
lower  than  the  other. 

The  animals  were  sacrificed  in  3  groups,  each  group  comprising  approxi¬ 
mately  equal  numbers  of  males  and  females.  The  first  group  of  24  animals 
was  killed  24  hours  after  infliction  of  the  wound.  The  .second  and  third  groups 
each  contained  11  animals  ajid  were  sacrificed  48  and  72  hours,  respectively, 
after  the  gingivae  were  incised.  The  reason  for  the  larger  group  representing 
the  earlie.st  observed  stage  of  healing  was  the  fre(pient  massive  acute  intlamma- 
tory  ix'action  during  the  first  24  houi-s  which  tended  to  obseui-e  evidences  of  early 
re-epithelialization.  By  48  hours,  the  intlanimation  had  subsided  in  most  in¬ 
stances  so  that  the  architecture  of  the  lesion  could  Ih'  seen. 

Presented  at  the  29th  <Jeneral  Meetinif  of  the  International  .Vasoi-iatlon  for  Dental  Re¬ 
search,  French  Dick,  Indiana,  March  17,  i9.’il.  (J.  1).  Res.  .-10:  -161.  1951.) 
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The  animals  were  killed  by  decapitation  and  the  incised  papillae  dissected 
free.  These  were  fixed  in  cold  80  per  cent  ethyl  alcohol  and  sectioned  in  par¬ 
affin,  perpendicular  to  the  plane  of  the  incision,  at  7  microns.  Sections  were  in¬ 
cubated  in  glycerophosphate  buffered  to  a  pH  of  9.4  and  at  a  temperature  of 
37°  C.  for  periods  of  1,  2,  and  24  hours,  according  to  the  method  of  Gomori' 
(modified  by  the  addition  of  0.1  M  MgS04  to  the  incubating  medium).  Control 
sections  were  incubated  in  a  medium  lacking  in  the  glycerophosphate  substrate. 
Other  sections  of  the  wounded  area  were  stained  with  Harris  hematoxylin  and 
eosin. 

Normal  control  tissues  were  obtained  from  untreated  animals  as  well  as 
from  normal  areas  distal  to  the  region  of  the  incision  but  on  the  injured  papilla. 
Normal  control  sections  were  also  stained  by  the  Gomori  method  and  by  hema¬ 
toxylin  and  eosin.  No  histological  or  histochemical  differences  were  observed  in 
the  gingival  tissues  from  males  and  females,  normal  or  experimental. 

RESULTS 

Gomori  preparations  of  normal  gingiva  of  the  rat  show  a  faint  but  uniform 
background  coloration  in  the  epithelium  and  in  cells  and  fibers  of  the  connective 
tissue.  This  background  .staining  increases  but  slightly  with  prolonged  incuba¬ 
tion.  Superimposed  on  the  background  is  a  darker  color  resulting  from  in¬ 
creased  deposition  of  cobalt  sulfide  in  the  superficial  band  of  keratin,  in  the 
keratohyalin  granules,  in  the  nuclei  and  especially  the  nucleoli  and  nuclear  mem¬ 
branes  of  more  basally  placed  epithelial  cells,  in  some  of  the  small  superficial 
blood  vessels,  and  in  the  nuclei  of  scattered  connective  tissue  cells.  These  zones 
of  augmented  precipitate  show  further  blackening  upon  prolonged  incubation 
with  substrate  and  apparently  represent  the  principal  sites  of  alkaline  phos¬ 
phatase  activity  in  this  tissue.  In  sections  of  some  papillae,  there  are  random 
areas  of  lamina  propria  which  are  darker  than  the  surrounding  tissue.  Here  a 
heavier  precipitation  has  occurred  in  larger  numbers  of  cells,  fibers  and  blood 
vessels. 

In  general,  there  is  evidence  of  higher  enzymatic  activity  in  the  deeper 
layers  of  connective  tissue  than  in  the  more  superficial.  Also  the  region  of  the 
epithelial  attachment  (Fig.  1)  exhibits  evidence  of  considerably  higher  activity 
both  in  the  stroma  and  in  the  epithelium  than  does  the  gingiva  attached  to  the 
alveolar  ridge  (Fig.  2). 

Gingivae  of  the  rat  healing  from  an  experimentally  inflicted  wound  exhibit 
a  greatly  enhanced  deposition  of  cobalt  sulfide  indicative  of  a  marked  increase 
in  alkaline  phosphatase  activity.  This  apparently  augmented  enzymatic  activity 
is  centered  in  the  lesion  itself  but  may  extend  for  a  short  distance  on  either 
side.  The  zone  of  greatest  precipitation  is  the  superficial  epithelium  beyond 
the  layer  of  granular  cells  (Fig.  4).  Routine  histologic  preparations  show  this  as 
a  thickened  band  of  keratin  containing  some  pyknotic  nuclei  (Figs.  3,  5,  7,  and 
9).  Extending  ba.sally,  and  in  the  immediate  vicinity  of  the  epithelial  cicatrix, 
are  scattered,  deep-staining  epithelial  cells.  The  remainder  of  the  epithelium  in 
the  vicinity  gives  evidence  of  some  increase  in  enzymatic  activity,  especially  of 
the  nuclei. 
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PHOSPHATASE  ACTIVITY  OF  HEALING  GINGIVAL  WOUNDS 


XI 20. 


Fig.  1. — Normal  free  gingiva.  Pno.sphatase  preparation,  incubated  24  hours.  Orig.  mag. 


Fig.  2. — Normal  attached  gingiva.  Phosphatase  preparation,  incubated  24  hours.  Orig. 
mag.  X 1 20. 


Fig.  3. — Incised  gingiva — 24  hours’  healing.  H.&E.  Orig.  mag.  X120. 


Fig.  4. — Same  tissue  as  Fig.  3.  Phosphatase  preparation,  incubated  >Xi  hour.  Orig. 
mag.  X120. 


Fig.  5. — Incised  gingiva — 48  hours’  heaiing.  H.&E.  The  tangential  separation  of  the 
epitheiium  extending  toward  the  top  of  the  figure  is  a  sectioning  artifact.  Orig.  mag.  X120. 
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With  a  longer  period  of  liealinj;,  the  prickle  cell  layer  may  jrive  evidence 
of  increased  phosphatase  activity  in  the  form  of  a  lattice-work  distribution  of 
cobalt  sulfide  at  the  periphery  of  the  cells  and  in  the  intercellular  s])aee  (Fij?s. 

()  and  8). 

Healing  of  the  gingival  epithelium  ai)i)eai's  to  involve  an  approximation  of 
the  cut  edges  and  rearrangement  of  the  cells.  Alkaline  phosphatase  activity  ap¬ 
pears  to  wane  first  in  the  deei)er  layers  and  persist  latest  in  the  thickened 
keratin  “scar’’  (Figs.  9  and  10). 

The  lamina  propria,  like  the  epithelium,  gives  evidence  of  heightened  alka¬ 
line  phosphatase  activity  not  only  in  the  immediate  vicinity  of  the  lesion  but  for 
some  distance  on  each  side.  The  site  of  the  incision  is  marked  by  an  organizing 
fibrin  clot  containing  a  finely  dispersed  cobalt  sulfide  precipitate,  slightly  darker 
than  that  of  the  adjacent  connective  tissue  fibers.  In  the  meshes  are  a  few  small 
cells  or  nuclei  intensely  blackened.  Koutine  preparations  indicate  invasion  of 
the  clot  by  capillarj’  endothelium,  which  does  not,  however,  give  as  intense  a 
phosphatase  reaction  as  do  the  superficially  located  vessels  of  the  normal  areas. 
Around  the  periphery  of  the  clot  are  numerous  scattered  cells  staining  in¬ 
tensely  for  phosphatase.  These  appear  to  be  macrophages  with,  in  some  in- 
.stanees,  granules  of  cobalt  sulfide  visible  in  their  cytoplasm.  Nuclei  of  fibroblasts 
are  faintly  colored  by  the  reaction,  and  in  the  vicinity,  especially  at  the  periph¬ 
ery,  of  the  lesion  these  exhibit  a  deposit  of  cobalt  sulfide  particles  adherent  to  or 
extending  a  short  distance  from  the  nuclear  membrane. 

DISCUSSION 

Normal  gingival  epithelium  of  the  rat  and  a  number  of  other  species  in¬ 
cluding  man  have  been  shown  to  be  relatively  devoid  of  alkaline  glycerophos- 
phatase,®'^*’  although  Cabrini  and  Carranza®  have  obtained  a  positive  epithelial 
phosphatase  reaction  using  nucleic  acid  as  substrate.  Ring  and  Levy®  reported 
the  absence  of  gingival  epithelial  phosphatase  in  the  rat  even  when  the  adjacent 
buccal  epithelium  showed  histochemical  evidence  of  a  high  degree  of  enzymatic 
activity. 

In  stratified  siiuamous  membranes  which  do  exhibit  phosphatase  activity  it 
has  been  po.stulated  on  the  basis  of  distribution  that  the  activity  of  the  enzyme 
may  be  related  to  the  process  of  keratinization.®’ Epithelial  cicatrization  of 
cutaneous  wounds  healing  by  granulation  involves  keratinization  which  proceeds 
from  the  margins.^®  It  can  be  seen  from  the  present  study  that  in  healing  gin¬ 
gival  wounds  it  is  the  keratinizing  area  of  the  epithelium  in  and  adjacent  to  the 
incision  which  .shows  the  most  intense  phosphatase  picture  (Figs.  4,  6,  and  8) 
and  in  which  enzymatic  activity  remains  elevated  for  the  longest  period  (Fig. 
10).  In  no  instance  is  this  activity  associated  with  proliferating  cells. 

Wound  healing  in  the  rat  gingivae  appears  to  involve:  (1)  the  closing  of 
the  wound  by  a  fibrin  clot,  (2)  the  organization  of  the  clot  by  capillary  buds, 
(3)  the  approximation  of  the  incised  epithelial  surfaces  (possibly  by  contraction 
of  the  granulation  tis.sue  organizing  the  defect).  Alkaline  phosphatase  appears 
to  be  involved  in:  (1)  the  growth  and  function  of  the  outgrowing  capillaries, 
(2)  the  activity  of  fibroblasts  in  connection  with  development  of  connective 


Fig.  6. — Same  tissue  as  Fig.  5.  Phosphatase  preparation,  incubated  Vi  hour.  Only  a 
minute  area  in  the  center  of  the  incision  remains  open  as  in  this  section.  Fig.  5  thus  rep¬ 
resents  the  adjacent,  already  healed  margin  of  the  lesion.  Orig.  mag.  XI 20. 

Fig.  7. — Incised  gingiva — 72  hours’  healing.  H.&E.  Orig.  mag.  X120. 

Fig.  8. — Same  tis.sue  as  Fig.  7.  Phosphatase  preparation,  incubated  Vi  hour.  Orig.  mag. 

Fig.  9. — Incised  gingiva.  Complete  healing  of  shallow  wound  in  24  hours.  H.&E.  Orig. 
nmg.  XI 20. 

Fig.  10. — Same  tissue  as  Fig.  9.  Phosphatase  preparation.  Incubated  24  hours.  Orig. 
mag.  XI 20. 
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tissue  fibers,  (3)  the  aetivity  of  maeropha^es  in  performing  their  seavenger 
funetion,  and  (4)  keratinization  proeeeding  from  the  margins  of  the  epithelial 
cicatrix. 

It  is  worthy  of  note  that  the  apparent  distribution  of  maximal  phosphatase 
aetivity  in  the  intercellular  s])aees  of  active  areas  of  gingival  epithelium  heal¬ 
ing  from  an  experimental  wound  has  its  counterpart  in  phosphatase  active  areas 
of  hueeal  epithelium®  and  in  the  eornifying  vaginal  epithelium'^  of  the  rat.  A 
similar  inter-  and  ])erieelhdar  distribution  of  sudanophil  material  (lipid)  and 
glycogen  has  been  reported  in  normal  human  gingival  epithelium,'®  and  periodic 
aeid-Sehiff  reactive,  saliva  resistant  material  (glycoprotein)  is  similarly  located 
in  human  and  monkey  gingiva,  esophagus,  skin,  vagina  and  other  tissues.'^ 

SrMM.XRY 

Experimental  wounds  of  the  gingiva  exhibit  evidence  of  a  marked  aug¬ 
mentation  of  alkaline  phosphatase  aetivity  in  the  outer  layers  of  epithelium 
adjacent  to  the  incision  and  in  and  surrounding  the  organizing  fibrin  clot  in  the 
lamina  propria.  The  increased  enzymatic  activity  in  the  region  of  the  healing 
wound  appears  to  be  as-soeiated  with:  (1)  the  growth  and  function  of  outgrow¬ 
ing  capillaries,  (2)  the  aetivity  of  fibroblasts  in  connection  with  the  development 
of  connective  tis.sue  fibers,  (3)  the  aetivity  of  macrophages  within  and  around 
the  lesion,  and  (4)  keratinization  proceeding  from  the  margins  of  the  epithelial 
cicatrix. 
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THK  DENTAli  TREATMENT  NEEDS  OF  NAVAL  PERSONNEL 
AS  DERIVED  FROM  1570  CASES 

.TAMf]S  \V.  (’ROSS,  D.D.S. 

Dental  Corps,  United  States  Navy 

The  purpose  of  this  study  is  to  determine  the  amount  and  type  of  dental 
eare  needed  by  rejiular  Navy  and  Naval  Reserve  personnel  during  various 
stages  of  their  naval  eareers.  Sinee  the  answer  must  he  in  the  form  of  a  pre- 
dietion,  the  basis  of  the  predietion  must  eome  from  the  facts  collected  from  a 
representative  group  of  men  now  in  the  Navy.  The  group  selected  for  this 
study  consisted  of  the  crew  of  a  heavy  cruiser  which  was  recommissioned  in 
•January  of  1951.  The  erew  was  draw’n  from  regular  and  reserve  sources  dur¬ 
ing  the  pre.sent  build  up  of  the  armed  forces.  An  opportunity  was  thereby 
presented  for  evaluating  the  dental  condition  of  the  entire  crew  by  groups. 
This  data  forms  the  basis  of  this  study. 

It  is  felt  that  studies  of  this  type  are  needed  to  evaluate  the  present  dental 
needs  of  the  armed  forces  as  a  whole.  They  will  aid  in  forecasting  future 
needs  thereby  aiding  in  allocating  treatment  facilities  and  in  testing  the  validity 
of  existing  dental  requirements  for  entry  into  the  various  branches  of  the  armed 
forces.  It  is  hoped  that  this  study  will  be  evaluated  and  others  of  similar  de¬ 
sign  be  initiated  to  further  define  the  problem. 

METHODS 

Each  officer  and  enlisted  man  was  given  a  thorough  oral  examination. 
After  observing  the  lips,  two  mouth  mirrors  were  used  as  retractors  and  the 
mucous  membrane  of  the  lips,  cheeks,  palate,  sublingual,  and  submaxillar>'  re¬ 
gions  were  inspected  for  the  presence  of  growths,  tumors,  hard  nodes,  leuko¬ 
plakia,  and  evidences  of  specific  infections.  The  gingivae  were  examined  for 
fistulous  openings,  disturbances  of  the  interproximal  spaces,  recessions  or  hyper- 
Imphies,  and  presence  of  pockets  and  periodontal  infections.  Each  individual 
was  asked  if  he  had  ever  had  any  disease  of  the  soft  tissue.  If  the  answer  was 
affirmative,  a  check  was  made  for  a  possible  chronic  condition.  The  examination 
of  the  teeth  was  done  by  means  of  sharp  explorers,  mouth  mirrors,  and  com¬ 
pressed  air.  Limited  time  prohibited  a  prophylaxis  i)rior  to  the  examination. 
However,  unclean  mouths  were  given  more  time  on  examination.  Due  to  a 
shortage  of  bitewing  film,  two  V/iq  by  2^^  posterior  bitewing  radiographs  were 
exposed  on  every  third  man  only.  Periapical  films  were  exposed  on  all  pulpless 
teeth,  teeth  with  pulps  of  doubtful  vitality,  teeth  with  evidence  or  histories 
of  fistulae,  area  of  missing  teeth  with  no  jmsitive  history  of  extraction,  and 
all  retained  deciduous  teeth.  Percussion,  thermal,  and  electrical  vitality  tests 
were  used. 

Received  for  publication.  Dec.  23,  1951. 
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All  carious  surfaces  found  hy  the  visual  cxaniination  were  charted  on  the 
standard  examination  form  used  in  the  Navy.  Filled  surfaces  and  missing 
teeth  were  also  charted.  No  attempt  was  made  to  classify  degree  of  dental 
caries.  If  the  surface  offered  no  resistance  to  the  explorer  tip,  it  was  counted 
as  a  carious  surface.  Faulty  restorations  were  also  counted  as  carious  sur¬ 
faces.  Fractured  surfaces  not  involved  with  caries  were  not  considered  as 
surfaces  to  he  restored. 

Anterior  teeth  were  considered  as  having  four  surfaces  and  posterior 
teeth  five  surfaces  in  determining  the  decayed,  missing  and  filled,  tooth  surface 
numhei-s.  Missing  teeth  were  given  a  value  of  four'  in  the  DMF  calculation. 
Because  of  the  age  variations  throughout  the  sample  no  third  molar  exi)erience 
was  utilized  in  the  data  for  this  report.  Such  information  was  gathered  during 
the  examination  hut  was  later  discarded  when  no  satisfactory  value  could  l)e 
assigned  in  the  I)!MF  calculation.  The  inability  to  establish  a  DMh’  value 
utilizing  the  third  molars  was  due  to  a  lack  of  knowledge  as  to  whether  they 
were  removed  because  of  caries,  nonfunction,  or  impaction  and  because  many 
third  molars  were  unerupted  in  the  younger  men. 

All  the  radiographs  were  diagnosed  and  carious  surfaces  not  discovered 
during  the  visual  examination  were  charted  on  the  examination  form.  A  surface 
was  deemed  carious  if  it  showed  evidence  of  decalcification  up  to  the  dentino- 
enamel  junction.  Enamel  lesions  not  large  enough  to  restore  were  not  counted. 

Each  individual  was  then  asked  to  complete  the  following  questionnaire: 
(1)  name  and  Navy  identification  matter,  (2)  age  at  nearest  birthday,  (3) 
regular  or  reserve  Naval  status,  (4)  if  regular,  date  first  joined;  if  reserve, 
date  called  to  active  duty,  (b)  amount  of  continuous  active  duty  to  date,  (6) 
whether  or  not  a  recruit  training  center  was  attended  during  the  current  tour 
of  duty;  if  so  whieh  one,  (7)  the  state  resided  in  longest  before  beeoming  21 
years  of  age. 

The  l)ottom  of  each  (|uestionnaire  was  used  as  a  tabulation  sheet  for  addi¬ 
tional  information  which  was  collected  from  all  other  dental  records.  From 
the  information  on  the  questionnaire  the  men  were  grouped  into  the  following 
four  areas  with  time  and  status  in  the  Navy  the  governing  factors: 

(iroup  I:  Men  in  the  regular  Navy  with  1  to  12  months  service. 

(iroup  II:  Men  in  the  regular  Navy  with  13  to  48  months  continuous 
service. 

Group  III :  Men  in  the  regular  Navy  with  49  or  more  months  of  continuous 
service. 

Group  IV:  Men  called  t(»  active  <luty  from  reserve  sources  from  July  1, 
1950  through  July  1,  1951. 

.Men  not  .satisfying  these  basic  time  units  were  rejected  at  this  level. 

A  total  of  1570  officers  and  enlisted  men  were  e.xamined  for  this  study. 
The  examinations  were  carried  out  by  one  i)Ci-son,  and  the  radiographs  were 
expose'd  and  diagnosed  by  the  same  individual. 
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DISCrSSION 

In  Roneral,  the  forecast  of  tlie  needs  (Table  I)  was  i)ro.jeeted  by  analyzing 
the  existing  conditions  in  each  group.  However,  the  .sum  of  the  forecast  needs 
does  not  represent  the  total  needs  of  the  Naval  Service.  This  is  obvious  be¬ 
cause  any  change  which  satisfies  the  total  need  in  (Jroup  I  during  recruit 
training,  will  reduce  the  needs  of  (Jroups  II  and  III  to  that  of  new’  carious 
surfaces  and  new’  sup])orting  tissue  j)athology.  There  is  some  correlation  I)e- 
tween  new’  carious  .surfaces  and  advancing  age  regardless  of  the  dental  care 
factor. 

To  determijie  the  rei)resentative  value  of  the  samjde  as  related  to  the  Naval 
Service  at  large,  a  study  was  made  in  which  the  population  of  the  various 
states  was  compared  to  the  population  of  the  ITiited  States  on  a  i)ercentage 
basis.  The  ])ercentages  i)er  state  ()f  the  total  sample  were  then  compared  with 
the  above  study.  Sitice  no  significant  difference  between  these  percentages 
was  note<l,  it  was  concluded  that  the  sample  is  rej)resenative  of  the  Naval 
Service  at  large. 

The  forecast  for  (Jroup  I  re])res(*nts  the  actual  needs  of  reemits  entering 
the  regular  Naval  Service.  In  addition  t«)  their  needs  found  upon  e.xamination, 
the  forecast  also  includes  all  prior  Naval  treatment.  The  majority  of  Group  I 
came  to  the  ship  directly  from  two  Naval  Training  Outers.  From  the  study 
of  the  existing  carious  .surfaces  it  was  determined  that  these  tw’o  centers  com¬ 
pleted  approximately  10  per  cent  and  20  per  cent  respectively  of  the  recruits’ 
dental  needs. 

The  forecasts  for  Groups  II,  111,  and  IV  were  based  on  actual  needs  as 
shown  by  examination.  Since  Group  IV  consisted  of  men  called  to  active 
duty  from  civilian  occupations  on  or  after  July  1,  1950,  this  group  had  received 
little  or  no  Naval  dental  care  prior  to  reporting  aboard  for  duty. 

The  forecast  for  all  appliance  needs  was  based  upon  the  oral  examinations. 
In  the  case  of  Group  I,  the  forecast  also  includes  all  work  previously  accom¬ 
plished  by  Naval  dentists.  Only  essential  cases  were  considered,  such  as  those 
with  insufficient  teeth  to  properly  masticate  their  food  and  those  needing  an 
api)liance  essential  to  their  duties.  Individuals  not  having  at  least  four  molar 
teeth  (one  maxillary  and  one  mandibular  on  both  right  and  left  sides)  in  func¬ 
tional  occlusion  were  considered  as  having  insufficient  teeth  to  properly  masti¬ 
cate  their  food.  It  is  possible  that  in  some  cases  the  forecast  needs  for  remova¬ 
ble  partial  dentures  could  be  filled  by  fixed  partial  dentures.  The  number  of 
repairs  and  reconstructions  needed  in  the  existing  appliances  was  based  on  the 
total  number  of  people  in  the  sample  rather  than  on  the  particular  group 
studied. 

During  the  examinations  the  oral  hygiene  was  considered  and  a  type 
assigned  to  each  case,  as  follows: 

Type  1:  These  mouths  showed  a  good  (piality  of  oral  care.  The  tooth 
surfaces  were  free  from  foo<l  film,  the  gingival  crevices  and  interproximals 
were  free  of  debris  and  displayed  no  signs  of  foo«l  irritation.  The  soft  tissue 
was  firm  and  of  good  color.  No  acute  or  chronic  infection  was  present. 
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Type  3:  Tliese  mouths  could  be  restored  to  health  by  the  proper  oral 
hygriene  measures  initiated  by  the  individual.  These  mouths  had  food  film  on 
the  teeth.  Soft  tissues  were  irritated  by  food  debris.  Mild  fjiiifjivitis  was 
apparent  showing  a  lack  of  care  on  the  individuars  part. 

Type  3:  These  mouths  recpiired  the  intervention  of  a  dentist  to  restore 
them  to  health  because  of  an  acute  soft  tissue  condition  or  a  condition  of  extreme 
bone  loss. 

Oral  hygiene  types  were  forecast  in  terms  of  the  number  in  need  of  oral 
hygiene  instruction.  This  emphasizes  the  apjiroach  necessary  to  reduce  the 
number  of  Type  2  mouths.  About  60  Type  3  mouths,  which  demanded  treat¬ 
ment  upon  sight,  were  found  in  the  total  samjile. 

The  men  primarily  in  need  of  instruction  are  those  having  Type  2  mouths, 
since  it  is  this  type  mouth  which  can  become  Type  1  or  Type  3  simply  by  an 
individual’s  owu  eflFort  or  lack  of  effort. 


Table  I 

Type  a.\i>  FKEQUEXcy  ok  De.n’tal  Needs 


1 

UKOUP 

GKOVP 

Giiorp 

CKOUP 

I 

11 

III 

IV 

Number  of  surfaces  to  be  re-  | 

9750 

6050 

4180 

4550 

stored  per  1000  men* 

±550 

±780 

±400 

±480 

Number  of  teeth  now  mis.«ing 

2290 

2430 

3280 

3490 

per  1000  men* 

±110 

±230 

±310 

±350 

Number  of  full  dentures  needed 

13  ±  3 

32  ±  5 

16  ±  4 

36  ±  6 

per  1000  ment 

Number  of  removable  partial 

67  ±  8 

43  ±  6 

40  ±  6 

70  ±  8 

dentures  needed  per  lOOOt 

Number  of  repairs  and  recon- 

10 

±  3 

structions  per  1000 1 

Number  needing  oral  hygiene 

260  1 

260 

150 

210 

instruction  per  1000  ment 

±14 

±14 

±11 

±13 

•1000  M  and  ±  =  1000  a  M 

tlOOO  f  and  ±  =  1000  <t  f.  f  =  X  ^  ^ 


Table  II  gives  the  filled  .surfaces,  DMF  and  the  per  cent  of  the  group  now 
pos.se.ssing  aiipliances.  By  analyzing  the  trends  of  the  means  through  flroups 


T.vble  II 

Tkeatmext  Tkexds 


■ 

GKOUP 

GKOUP 

GKOUP 

GKOUP 

I 

II 

III 

IV 

N 

748 

276 

256 

275 

Mean  tilled  surfaces* 

10.11 

10.10 

15.84 

14.82 

1 

±0.70 

±1.15 

±1.41 

±1.41 

Mean  DMF* 

21.40 

21. .30 

29..30 

29.45 

±1.25 

±2.25 

±2.94 

±2.84 

ApidianctH  now  in  place  per  1000  men 


Fixed  partial  dentures!  | 

31  ±  5  1  80  ±  9  1 

105  ±  10 

[  76  ±  8 

Removable  partial  dentures! 

34  ±  5  1  47  ±  7 

74  ±  8 

76  ±  8 

Full  dentures! 

1  15  ±  4  1  29  ±  5 

55  ±  7 

61  ±  8 

•V’alues  for  the  Confidence  nimita  at  the  5  per  cent  level.  C.  L.  5  per  cent  =  1.96  o  M 
fSee  Table  I. 
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Tabi.e  III 

Criticai,  Ratio  Test  of  the  Mean  Difkekexces  Between  50  Pairs  From 
Groi-ps  III  AND  IV’  Matched  for  Ace 


FUNCTIO.V  1 

OROrP  WITH 

HICHEK  INCIDENCE 

CRITICAL 

RATIO 

Filled  surfaces 

III 

0.18 

Missing  teeth 

IV 

I.I8 

DMF 

IV 

i..88 

Carious  surfaces 

IV 

1  2.67 

I,  II,  ami  III,  it  is  aiiparent  that  after  the  initial  dental  care  received  during 
recruit  training,  the  men  received  very  little  additional  care  until  they  passed 
into  their  second  or  later  enlistments. 

After  regular  Navy  personnel  enter  Group  III  they  are  soon  in  an  eipial  or  a 
lietter  iiosition  than  their  reserve  shipmates,  as  shown  hy  Table  III.  Table  III 
is  compiled  from  matched  pairs  from  Groups  111  and  IV. 


Kigr.  1. — Graph  showing  mean  (A),  median  (X),  mode  (Q),  and  range  for  the  four 
groups.  The  mean  of  each  group  is  statistically  intlependent  of  the  others  at  better  than  the 
1  per  cent  level. 

An  inspection  of  Table  IV  re-emphasizes  the  imiiortance  of  dental  care  as 
admini.stered  by  a  dentist.  The  correlations  between  advancing  age  and  DMF, 
age  and  missing  teeth,  and  age  and  unfilled  carious  surfaces  are  very  small. 
On  the  other  hand,  there  is  some  correlation  which  is  not  measured  in  a  direct 
manner,  lietween  advancing  age  and  the  caries  process.  It  is  reflected,  however, 
in  the  greater  correlation  lietween  age  and  DMF  in  Groups  III  and  IV.  Fig.  1, 
showing  age  range  by  groups,  indicates  that  (Jroups  III  and  IV  have  the  largest 


Table  I\’ 

The  (Correlation  Between  Aoe  and  Total  DMF;  Ace  and  Missing  Teeth;  and 
.\cE  and  Carioi’s  Scrfaces 


1 

group 

II 

GROUP 

III 

GROUP 

IV 

N  1 

276 

256 

275 

Total  DMF/age 

r  = 

.12 

.19 

.28 

Missing  teeth/age 

r  = 

.02 

.17 

.17 

Carious  surfaces/age 

r  = 

— 

.0.1 

All  correlations  are  positive. 


_ _ NXdmd,  -  £d,£dr _ 

V  NSfd,»  - Kfd.)*  V  N’lfdy*  -  Z(fdv)' 
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ajro  variations.  This  accounts  for  the  larjrcr  correlation.  No  correlation  was 
fonmi  between  ajre  and  carious  surfaces  as  observed  durin^r  examination  because 
of  the  dental  care  factor.  The  number  of  true  carious  surfaces  is  also  repre¬ 
sented  by  filled  surfaces  and  mi.ssiri};  tet'th. 

SCMM.VRY  AM)  rONCIJ’SION’S 

1.  The  utilization  of  data  derived  from  the  examination  of  IbTO  Navy  men 
has  l)eon  analyzed  by  statistical  metluMls  and  used  as  a  ba.sis  for  predictions  of 
treatment  net'ds  as  shown  in  Table  T. 

2.  By  the  use  of  Table  I.  and  with  a  knowlcdsre  of  a  "roups  naval  status, 
the  amount  of  treatment  nee<led  for  any  number  of  men  may  be  calculated. 

3.  This  study  should  be  of  value  in  the  allocation  of  dental  facilities  in 
order  to  derive  the  greatest  possible  "oo<l  from  available  <lental  personnel. 

4.  The  dental  condition  of  rejriilar  Navy  personnel  with  over  four  years 
of  service  is,  in  "eneral.  better  than  that  of  the  comparable  reserve  personnel 
who  have  In'cn  under  other  than  naval  care. 

5.  The  factor  of  dental  care  as  applied  by  individual  dentists  is  the  best 
means  of  controllinfr  the  over-all  dental  conditions.  The  individual’s  own  per¬ 
sonal  care  is  the  next  most  important  factor.  Aire,  as  such,  infiuences  the 
over-all  dental  condition  as  found  by  less  than  10  per  cent. 

REFERENCE 

1.  We85>els.  K.  E.,  an<l  Cheyne,  V.  D. :  A  Determination  of  tlie  Numi)er  of  Surfaces  Involved 
in  Carious  Extracted  Teeth,  ./.  1).  Ben.  26;  .‘ITd,  11)47. 


TIIK  EVANSTON  DENTAfi  f'AHIES  STEDY 

IX.  TmK  VaIJtk  ok  H()KNT(»KNOF,fM!ICAIi  VK.  ClilNK'AI,  PR(K'KI)F'RK.S  FOR  THK 

Hk(’o(jmtion  of  Eari,y  ('ARH)rs  liKi^ioNst  OX  I’roximaf.  Sf  rfacf-x 

OF  Tkf.tff 

.T.  K.  IFLAYNKV,  M.H.,  D.D.S.,  AND  J.  F.  (DFK(U),  H.H.,  D.D.H. 

M  alter  O.  Znlhr  Memorial  Itental  Clinic,  VnirerMili/  of  Chieaf/o,  Chiraftn,  III. 

IT  IS  ji  well-kFiowFi  ftict  tliFit  it  is  iFii|)()ssil)|p  to  detect  Fill  proxiFiial  surface 
lesioFis  by  a  eliFiieal  cxaFuiFiatioFi.  It  is  e(jiFally  well  reeojjiiized  that  the  x-ray 
is  a  Yaluable  aid  for  the  visualizatioFi  of  early  euaFiiel  lesions  involvinjf  the 
proxitnal  surfaces.  The  purpose  of  this  stFuly  is  to  detCF-mine  the  fre(pieney  in 
which  carious  lesioFFs  off  the  pF'oxiFFFal  surfaces  may  be  demonstrated  in  the  x-ray 
fibn  aFFd  FFot  detected  durin>;  clinical  exaFFFination.  Data  for  this  analysis  have 
hecFF  eoFFFpleted  froFu  the  records  of  12,014  EvaFFstoFF  and  Dak  I’ark  children  of 
a^rs  6  to  8  aFFd  12  tiF  14  yeaF's. 

The  literatiFF'c  contains  repoFts  of  several  pF-evioFFs  studies.  Fixott'  esti- 
FFFated  that  25  jFcr  cent  to  40  per  ecFFt  UFore  earioFFs  lesions  can  be  demonstrated 
to  exist  in  the  ehildrcFF’s  FFFouths  by  the  use  of  the  F‘adio"raphie  methwl  than 
were  observed  by  the  eliFFieal  exaFninations.  SnFith*  in  eomparin"  the  results 
of  the  clinical  and  x-F‘ay  exaFninations  of  210  children  found  that  the  x-ray  re¬ 
vealed  additional  lesions  in  67.7  per  cent  of  the  children.  Barr®  compared  the 
nunFber  of  proxiFual  lesions  observed  clinically  with  those  demon.strated  by 
meaFFS  of  roeiFtfjenofrrams  off  157  children.  The  total  number  of  proximal  cavi¬ 
ties  fouFid  by  both  UFcthods  was  1,117.  The  x-ray  films  revealed  47.2  per  cent 
lesions  which  were  not  found  in  the  clinical  examination.  While  examining  an 
unstated  niFmber  of  studeiFts  Delabarre*  found  1,842  carious  lesions  by  clinical 
|)r(H*edui’e  aiFd  an  additi(Fnal  1,960  lesions  by  x-ray.  Trithart  and  Donnelly* 
stFF<lied  clinically,  and  with  bitewing  fibns,  449  children  in  three  different  schools, 
however,  they  retained  only  254  children  after  eliminating  those  in  which  all 
{FF’oxiFFial  surfaces  could  not  be  clearly  visualized  in  the  films.  In  the  three 
schools  re.si>ectively  they  found  54.5  per  cent,  57.6  per  cent  and  111  per  ceiFt 
more  lesions  by  the  use  of  x-ray.  They  concluded  that  an  examination  to  deter- 
FFFiFFe  the  presence  of  dental  decay  is  not  coFuplete  unless  x-ray  fibns  are  included. 
(’hiltoiF  arid  (Ireenwald®  examined  2,540  children  between  the  ages  of  5  to  18 
years,  bFit  they  .selected  for  radiogF-aphic  survery  about  every  third  child  bring¬ 
ing  their  total  number  of  children  so  exaFuined  to  729.  They  foiFnd  2.190  carioiFs 
lesions  by  cliFFical  Fuethods  aFFd  2,762  by  roentgenologic  procedFFres.  They  sum¬ 
marized  “that  wheFF  studies  are  uFFdertakcFF  to  determiFFe  the  efficacy  of  measFFres 
taken  to  preveFFt  or  retaF-d  caries,  the  factor  of  chaFFce  cofffcs  iFFto  play,  and  the 
statistical  significance  of  ofteFFtiFues  sFFFall  differences  iFF  the  average  FFunFln^r  of 
carious  teeth  per  child  fffu.v  readily  be  iFFflueFFced  by  foof'c  accurate  diagnosis 

TFiis  investiRation  was  supporte<F  (in  Part)  by  a  researoFi  Krunt  from  tFie  XationaF  Fn- 
.stitute  for  Denta)  KesearoFj,  Nationa)  Fnstitiitoa  of  IFoaith,  F'nito<)  States  Pubiio  Heaith  ServUf. 
Receive*)  for  pubFication,  DtK;.  28,  1951. 
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of  carious  lesions.  For  that  rea.son.  x-ray  examinations  assume  practical  im- 
jmrtance  in  public  health  surveys  conducted  for  dental  research  purp<»ses.'’ 
In  addition,  they  concluded  “that  dental  public  health  surveys  to  determine 
the  dental  netnls  of  school  }iopulations  or  surveys  to  compare  >rnmp  dental 
status,  do  not  re<iuire  roentfrenofrraphic  examinations,  but  that  dental  surveys, 
coiuiucted  for  research  purposes,  require  r<M'ntf?eno}rraphic  examinations  for 
projH‘r  interpretation  of  results.” 

MKTHOn 

In  the  Evan.ston  Dental  Faries  Stmly,  duriuff  the  years  ll)4t>  to  1950  in¬ 
clusive  15,209  ehildren  in  the  afje  jrroups  of  6,  7,  8,  12.  13,  and  14  from  24 
schools  in  the  study  area  and  12  schools  in  the  control  community  were  ex- 
amineil  for  dental  caries  by  detaile<l  clinical  and  x-ray  metho<ls.  The  clinical 
examinations  were  conducted  by  well  trained  dentists  with  the  use  of  sharp 
explorers,  mouth  mirrors,  and  adetpiate  li>rht  after  the  teeth  had  been  freed 
from  saliva  by  the  u.se  of  the  air  syringe. 

An  experienced  technician  radiographed  the  entire  mouth  usiiiff  3  films 
for  the  maxillary  anterior  teeth,  3  films  for  the  mandibular  anterior  teeth,  one 
bitewing  film  on  each  side  for  the  6,  7,  and  8  year  old  chiblren  ami  2  bitewing 
films  on  the  older  group.  The  Raper*  method  of  a<l,ju.sting  a  film  which  consists 
of  fastening  a  bitewing  tab  onto  the  film  packet  by  means  of  radioparent  scotch 
tape  was  adopted  for  taking  the  posterior  bitewing  films. 

In  order  to  get  letter  detail  in  the  films  and  to  eliminate  as  much  error  as 
pos.sible  the  Fitzgerald*  method  is  followed  which  advocates.  “The  diffusion  of 
detail  is  minimized  by  increasing  the  cone  distance;  anatomic  accuracy  is  at¬ 
tained  by  a  difference  in  film  i)lacement  and  angulation  and  by  a  slight  change 
in  object  film  distance.”  Since  the  study  began  we  have  been  using  a  16  inch 
target  film  distance  whereby  the  film  packet  is  held  away  from  the  crowns  of 
the  teeth  by  the  use  of  cotton  rolls  so  that  the  plane  of  the  film  parallels  the 
long  axes  of  the  teeth.  The  surfaces  of  the  film  are  never  bent  to  follow  the 
contour  of  the  alveolar  ridge.  In  order  to  secure  the  maximum  detail  in  each 
film  a  uniform  exposure  time  is  observed  for  each  ai’ea  and  proces.sed  at  a  con¬ 
stant  temperature  (68°  F. )  and  time  (5  minutes). 

The  findings  are  always  rechecked  by  a  co-worker  to  insure  proper  inter¬ 
pretation  and  tabulation. 

FINDIN'US 

The  6,  7,  and  8-year-old  group  exhibited  a  total  of  2,101  carious  lesions  on 
the  proximal  surfaces  of  the  permanent  teeth.  By  clinical  examination  647  or 
30.79  per  cent  cavities  were  detected  while  1,454  or  69.21  per  cent  additional 
lesions  were  revealed  by  the  x-ray  films.  It  is  interesting  to  note  that  when  these 
age  groups  are  considered  separately,  the  6  year  olds  have  the  highest  percentage 
(83.90)  disclo.sed  by  x-ray  findings  only.  In  the  7-year-old  group  79.04  per  cent 
of  proximal  lesions  were  demon.st rated  by  x-ray  findings  only  and  in  the  8  year 
58.78  per  cent  were  discovered  in  the  films.  (Table  1.) 
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Tabi,k  I 

PKOXIMAI,  SI  KFACFH  of  PF.HMANF.NT  TF.KTII  of  12,t»14  ClIIl.BKF.N  HAVINO  (;AKir.K 
HKnKINIZFK  MV  (A)  (’l.INK’AI.  ANI»  (H;  X-KAY  ONI.Y 


1  .F.K IONS  K K< '< HI N 1 

i  I.IMCAL  FXAM 

I.KHIONS  KM'<lONI/,F.I>  I 

X  KAY  ONLY 

TOTAL  l.tXIONH 

KKCiaiMZKD 

AOF, 

1  NO. 

1  I’F.R  I'F.NT 

1  OFTOTAI. 

P  NO. 

1  CF.K  CENT 

1  OFTOTAI, 

1  NO, 

1  PER  CENT 

0 

10 

10.10 

1*9 

83.90 

1  IS 

loo 

7 

190 

20.9t{ 

7.39 

79.04 

935 

100 

s 

432 

4 1 .22 

Olti 

.58.78 

l,*l|8 

100 

Total  7,  S 

IU7 

3tt.79 

1 ,4.54 

*59.21 

2,10' 

too 

12 

2,.501 

44.45 

3,120 

rirj,.';.! 

■>,*527 

IfMl 

13 

4,349 

3S.3S 

15.983 

*51. *52 

1 1,.3,32 

I*)0 

It 

4,105 

34.7S 

7,810 

*55.22 

1 1 ,975 

100 

Total  It,  1.1.  14 

11.015 

38.07 

17,919 

*51.93 

28,934 

100 

Ginnd  total 
for  all  ages 

1 1  ,t>l»2 

37..'58 

19,373 

f)2.42 

31,0.35 

1*10 

Tho  12,  13,  and  14-y(‘Hr-ol«l  Kroiip  ha«l  a  total  of  2H,9;i4  carious  lesions  in 
the  proximal  surfaces  of  the  permanent  teeth.  By  clinical  examination  11,01.5 
cavities  were  found  while  the  x-ray  survey  reveale<l  additional  17,919  or  61.93 
per  cent  of  the  total.  When  this  jjroup  is  separated  according  to  a‘?e  we  find 
that  in  the  ri-year-ohl  children  .55.55  per  cent  of  the  lesions  were  not  found  in 
the  clinical  stmly.  In  the  13  and  14-year-old  groups  we  visualized  61.62  per 
cent  and  65.22  ]>cr  ccTit  respectively  in  the  films  which  were  not  observed  clini¬ 
cally.  (Table  1.) 

Kt)r  the  deciduous  dentition  the  comj)arison  Indween  the  radiographic  and 
clinical  findings  is  made  on  data  compiled  from  the  records  of  9,293  children. 
The  younger  age  group  composed  of  6,  7,  and  8  year  olds  had  a  total  of  32,718 
carious  lesions  on  the  proximal  .surfaces  of  the  deciduous  teeth.  Of  this  number 
15,096  or  46.14  per  cent  were  revealed  by  the  roentgen  study  in  addition  to 
those  observed  during  clinical  examination.  The  older  group  of  children,  i.e., 
the  12,  13,  and  14  year  olds,  exhibited  a  total  of  1,023  proximal  surface  lesion.s. 
Here  again,  the  laboratory  survey  revealed  408  or  39.88  per  cent  of  the  total 
number  of  carious  areas. 


Table  11 


Pkoximal  Surfaces  of  Deciduous  Teeth  of  9,293  Children  Havi.vo  Caries  Kecognizfj)  by 
(A)  Clinical  and  (Bi  X-Kay'  Only 


AOE 

LESiONS  RECOGNIZED 

BY  CLINICAL  EXAM 

I.ESIONS  RECOGNlZt.D 

BY  X-RAY  ONLY 

TOTAL  LESIONS 
REIXHJNIZED 

NO. 

PER  CENT 

OF  TOTAL 

NO.  1 

PER  CENT 

OF  TOTAL 

NO. 

PER  CENT 

6 

5,340 

54.93 

4,381 

45.07 

9,721 

100 

7 

7,214 

55.34 

5,821 

44.66 

13,035 

100 

8 

5,068 

50.87 

4,894 

49.13 

9,962 

100 

Total  €,  7,  8 

17,622 

53.86 

15,096 

46.14 

32,718 

100 

12 

375 

60.00 

250 

40.00 

625 

100 

13 

176 

58.47 

125 

41.53 

301 

100 

14 

64 

65.98 

33 

34.02 

97 

100 

Total  1£,  13.  14 

615 

60.12 

408 

39.88 

1,023 

ItHt 

Grand  total  for  18,237  54.05  15,504  45.95  33,741  100 

all  ages 
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W  hell  these  two  jrrouns  were  examined  aeeordiiifj  to  their  resi>eetive  a^es 
we  found  that  the  roentjrenolofrie  survey  revealed  45.07  ])er  eent  additional 
lesions  in  the  6  year  olds,  44.66  i>er  eent  in  the  7,  41).  13  per  eent  in  the  8,  40.(K) 
])er  eent  in  the  12,  41.53  per  eent  in  the  13,  and  34.02  per  eent  in  the  14-year-old 
children.  (Table  II.) 

DISCUSSION* 

It  should  be  clearly  stated  that  these  data  have  no  bearing  upon  the  value 
of  the  addition  of  fluorides  to  the  Evanston  water.  This  i)artieular  .study  is  di¬ 
rected  solely  to  the  evaluation  of  roentfrenologie  i>roeedures  in  the  determination 
of  the  prevalence  of  dental  caries.  When  the  eompari.son  between  clinical  and 
roeiitfreuolo^ie  findings  is  made  on  such  a  large  number  of  children,  by  the  same 
group  of  examinei-s  under  what  is  thought  to  be  very  favoj’able  conditions,  we 
begin  to  ai>proaeh  what  may  be  considered  an  average  ratio  for  any  one  indi¬ 
vidual  jiatieut  of  comparable  age. 

Table  III 

Summary  ok  Lesio.vs  on  Proximal  Svrkaces  ok  DECim'ors  am*  Permanent  Teeth 
KEcixiNizEi)  BY  (A)  Clinical  ani>  (B)  X-Kay  Only 


LE.SIONS  RECOGNIZED 

LESIONS  REC(H!NIZKI) 

TOTAL  LESIO.NS 

BY'  CLINICAL  EXAM 

BY  X-RAY'  ONLY 

RECOGNIZED 

PER  CENT 

i  PITl  CENT 

NO.  1 

NO. 

OK  TOTAL 

NO. 

1  OK  TOTAL 

PER  CENT 

I)e<'itluous  teeth 

18,237 

54.95 

15,594 

45.95 

33,741 

199 

Permanent  teeth 

ll,6(i2 

37.58 

19,373 

62.42 

31,9.35 

199 

Grand  total 

29,809 

46.16 

34,877 

53.84 

64,776 

199 

We  believe  it  to  be  ipiite  obvious  why  the  6-year-old  children  had  the 
lai*ge.st  percentage  of  le.sions  in  iiermanent  teeth  demonstrated  in  the  x-ray  find¬ 
ings  with  succeeding  les.ser  amounts  in  both  the  7  and  8  year  olds.  A  correspond¬ 
ing  range  is  found  to  exist  in  the  12,  13,  and  14  year  group  with  55.55,  61.62 
and  65.22  per  eent  respectively.  The  time  of  eruption  of  the  various  units  of 
the  permanent  dentition  in  relation  to  the  age  group  examined  is  such  that 
normally  we  should  expect  to  find  only  very  early  carious  lesions  in  the  enamel 
of  proximal  surfaces  of  these  particular  ages  showing  the  highest  percentages. 
When  the  exposure  time  of  tooth  surfaces  to  an  environment  compatible  with 
caries  activity  is  increased  it  is  logical  to  expect  such  lesions  to  be  larger  and 
much  more  readily  observed  by  clinical  methods. 

When  the  ilata  for  both  deciduous  and  permanent  dentitions  for  12,014 
children  are  summarized  and  we  find  that  the  x-ray  disclosed  53.84  per  cent  of 
the  total  number  of  carious  lesions  observed  by  both  clinical  and  x-ray  methods, 
we  at  once  envision  the  importance  of  the  laboratory  technique  for  the  appraisal 
of  caries  prevalence  (Table  III).  For  the  school  survey  programs  which  are 
jirimarily  directed  toward  encouraging  the  jiarents  to  seek  dental  treatment  for 
their  children  x-ray  studies  are  not  necessary.  However,  it  appears  that  an  oral 
examination  cannot  lie  comiilete  without  a  thorough  clinical  and  laboratory  set 
of  procedures.  We  believe  it  extremely  imiiortant  to  employ  both  clinical  and 
x-ray  techniques  in  any  .study  program  which  is  directed  toward  the  determina¬ 
tion  of  the  prevalence  or  the  control  and  reduction  in  the  rate  of  caries  attack. 
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SUMMARY 

Data  collected  from  12,014  children  have  been  presented  and  arialyzed  for 
the  value  of  roentgenolofjic  procedures  as  a  means  of  visualization  of  carious 
lesions  on  the  proximal  surfaces  of  both  deciduous  and  permanent  dentitions. 
A  total  of  64,776  carious  lesions  were  recorded.  Of  this  number,  34,877  sepa¬ 
rate  carious  areas  (53.84  per  cent)  were  detected  by  roentgen  studies  which  were 
completely  overlooked  in  what  is  considered  to  he  a  thorough  clinical  examina¬ 
tion. 

Tlio  aMtlKtr-s  gratofully  acknowltMlgp  the  valiiiilrle  nssiatanee  given  by  all  niemtrers  of 
the  Evanston  Dental  Caries  Htiuly  team  in  the  eollec*tion  of  the  <lata. 

KKKKRKNCKS 

1.  Fixott,  H.  C.:  Use  of  K*»entgen  Kavs  in  the  Praetiee  of  Children’s  Dentistrv,  •/.  .1.  />.  .1. 

24;  !M.  l!t:57. 

2.  Smith,  K.  K.:  The  X-rav — An  Essential  to  Diagnosis  and  Prognosis  of  the  Child  Patient, 

J.  .4.  IK  .1.  29;  7!>H,  1942. 

:i.  Harr,  J.  II.:  The  Diagnostic  Value  of  Radiographic  Examinations  for  Proximal  Caries 
in  Deciduous  Posterior  Teeth,  New  Zealand  D.  ./.  41:  89,  194.1. 

4.  Delaliarre,  F.  A.:  Preschool  Age  Dentistry,  ,7.  .4.  D.  .4.  20:  124.  19.13. 

.1.  Trithart,  A.  II.,  and  Donnelly,  C.  .1.:  A  Comparative  Study  of  Proximal  Cavities  Found 
by  Clinical  and  Koentgenographic  Examination.  .7.  .4.  /).  .4.  40:  33,  19.10. 

(i.  Chilton,  N.  W.,  amt  Greenwald,  L.  E. :  The  Role  of  Roentgenograms  in  Public  Health 
Dental  Surveys:  Division  of  Dental  Health,  New  Jersey  State  Dept,  of  Health, 
Trenton,  N.  .1^  J.  I).  Res.  26;  129.  1947. 

7.  Raper,  H.  A.:  Clinical  Preventive  Dentistry,  Rochester,  N.  Y.,  1926,  Ritter  Dental 

Manufacturing  Co. 

8.  Fitzgerald.  (1.  M.:  Dental  Roentgenography.  I.  An  Investigation  in  Adumbration, 

or  the  Factors  That  Control  Geometric  Unsharpness,  J.  A.  D.  A.  34:  1,  1947. 


I 


THE  EVANSTON  DENTAL  CARIES  STUDY 

X.  The  Caries  Experience  Rates  of  6,  7,  and  8-Year-Oi,d  Chiedren  With 
Progressively  Increasing  Periods  of  Exposi-re  to  Artificially 
Fluoridated  Water 

I.  X.  HILL.  D.D.S..  .1.  K.  BLAYXEY,  M.S..  D.D.S.,  AND  WALTER  WOLF,  B.S.C. 
Walter  G.  ZolUr  Memorial  Dental  Clinic,  F niversity  of  Chicago,  Chicago,  III. 

IN  A  recent  report  of  this  study  a  reduction  in  the  dental  caries  experience  rates 
of  the  permanent  teeth  of  a  srrouii  of  6  to  8-year-old  children  was  reiiorted 
followinpr  exposure  to  a  fluoridated  water  for  a  period  of  12  to  22  months.'  Also 
it  was  reported  that  the  dental  caries  experience  rates  of  the  deciduous  teeth  of 
this  frroup  was  not  lessened  following  12  to  22  months  exposure  to  the  fluoridated 
water.'  This  lack  of  a  reduction  was  thoufiht  to  he  due  to  the  fact  that  these 
deciduous  teeth  were  fully  erupted  and  in  the  mouth  prior  to  the  addition  of 
sodium  fluoride  to  the  water.  Therefore,  it  now  seems  lofrieal  to  determine 
whether  there  mi"ht  he  a  significant  difference  in  the  caries  rates  amoii"  children 
whose  deciduous  teeth  were  either  in  early  stages  of  eruption  or  had  recently 
erupted  at  the  time  fluorine  was  placed  in  the  water  as  compared  with  children 
whose  deciduous  teeth  were  erupted  and  in  the  mouth  for  various  lengths  of  time 
when  the  communal  water  was  fluoridated. 

As  sodium  fluoride  was  added  to  the  Evanston  water  in  February  of  1947 
and  groups  of  6  to  8-year-old  children  were  examined  in  194G,  1948,  1950,  and 
1951  a  favorable  opiiortunity  was  afforded  for  comparing  the  dental  caries  ex¬ 
perience  rates  of  children  exposed  to  fluoridated  water  for  various  lengths  of 
time. 

METHODS 

This  report  compares  the  caries  experience  rates  of  the  deciduous  and 
permanent  teeth  of  four  groups  of  6,  7,  and  8-year-old  Evanston  children.  The 
first,  or  base  line  group  (1946),  had  no  exposure  to  fluoridated  water.  The 
second  (1948),  third  (1950),  and  fourth  (1951)  groups  were  exposed  to  the 
fluoridated  water  from  12  to  22,  35  to  46,  and  47  to  58  months,  respectively,  at 
the  time  of  examination.  It  should  be  noted,  as  shown  in  Table  I,  that  some  of 
the  1951  group' of  children  were  9  months  of  age  at  the  time  sodium  fluoride 
was  placed  in  the  water.  Enamel  formation  was  taking  place  at  this  time  on 
the  maxillary  and  mandibular  jiermanent  incisors,  canines,  and  first  molars, 
however,  the  calcification  of  the  crowns  of  the  deciduous  teeth  had  been  com- 
jileted.  In  the  younger  children  only  the  deciduous  incisors  had  begun  the 
process  of  eruption,  but  most  of  the  deciduous  teeth  were  exposed  to  tissue 
fluids  containing  fluorides  for  several  months  before  erupting  into  the  mouth. 

Read  at  the  Thirtieth  General  Meeting  of  The  International  Association  for  Dental 
Research,  Colorado  Springs,  Colorado,  March  21  to  23,  1952. 

This  investigation  was  supported  (in  part)  by  a  research  grant  from  the  National 
Institute  of  Health,  United  States  Public  Health  Service. 

Received  for  publication,  March  17,  1952. 
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Table  I 

PEKion  OE  ExposrRE  To  Artikicially  Fi,roRiDATED  Water  and  Aoe  Ranoe  of  Each  Grocp  or 
Children  at  the  Time  or  Initial  Flvoridation 


YEAR 

NO.  OF  EXAMS. 

MONTHS  or 

r.  WATER 

AOE  RANGE  IN  MONTHS  AT 
TIME  or  FI.rORIDATION 

(Rase  Line  Group)  194(3 

1,991 

0.0 

none 

1948 

2,0.14 

1.0 

12-22  mos. 

45-90  mos. 

1950 

1,244 

1.0 

.15-46  mos. 

21-67  mos. 

1951 

1, 8.5.1 

1.0 

47-58  mos. 

9-.5.5  mos. 

A  thorough  clinical  examination  suiiported  by  6  anterior  roentgenojirams 
and  2  posterior  bitewinj;  films  was  made  on  all  children.  All  examinations  were 
performed  in  the  schools  with  adeipiate  dental  equipment  and  proper  lif^hting. 
The  schedule  was  arranged  to  allow  ample  time  for  a  thorough  examination. 
The  recofjnition  of  carious  lesions,  fillings,  and  conditions  of  investing  tis.sues, 
was  accomplished  by  the  same  dentists  for  the  four  groups.  The  opinion  of  at 
least  two  dentists  was  obtained  before  the  final  analysis  of  the  case  was  made. 
Diagnosis  of  an  immune  case  was  made  only  on  the  basis  of  complete  x-ray  films. 
There  w’ere  no  carious  lesions  or  fillings  in  the  deciduous  teeth  of  immune  cases 
and  all  or  a  majority  of  deciduous  teeth  were  present  in  the  mouth.  A  case  of 
mixed  dentition,  with  no  caries  exjierience,  was  considered  a  questionable  im¬ 
mune  case  rather  than  one  of  complete  immunit.v.  There  were  no  questionable 
cases  included  in  this  or  in  previous  reports.  All  cases  with  orthodontic  appli¬ 
ances  were  eliminated  from  the  immune  case  tabulation  though  no  evidence  of 
caries  experience  was  observed. 

The  clinical  and  roentgenologic  data  were  transferred  to  coile  sheets  so  that 
findings  concerning  deciduous  and  iiermanent  teeth,  teeth  lost  physiologically, 
and  those  teeth  lo.st  due  to  caries  were  properly  recorded.  This  coded  material 
was  segregated  and  classified  mechanically  at  the  Bureau  of  Vital  Statistics, 
Dept,  of  Health,  Springfield,  Ill. 

The  data  analyzed  for  this  report  of  the  groups  considered  are  limited  to 
the  following:  (1)  the  decayed,  extracted  and  filled  rate  of  the  deciduous  teeth, 
(2)  the  number  of  children  with  deciduous  dentitions  immune  to  caries  at  the 
time  of  examination,  (3)  the  decayed,  missing  and  filled  rates  of  the  permanent 
teeth,  (4)  the  caries  experience  of  the  occlusal  surface  of  the  first  permanent 
molar  teeth,  (5)  the  caries  experience  of  the  maxillary  and  mandibular  anterior 
permanent  teeth,  (6)  the  precarious  lesions  found  on  surfaces  of  all  permanent 
teeth. 


FINDINGS 

Deciduous  Teeth. — The  def  rate  of  the  1951  group  of  6  year  olds  is  not 
significantly  less  per  100  children  than  that  of  the  1946  base  line  group.  The 
1951  group  of  6  year  olds  were  in  an  age  range  of  9  to  31  months  at  the  time 
sodium  fluoride  w’as  placed  in  the  water.  It  is  logical  to  assume  that  if  a  caries 
reduction  is  found  it  would  appear  in  this  group.  There  was  a  slight  in¬ 
crease  in  the  caries  rate  of  the  deciduous  teeth  of  the  7  year  old  over  the  base 
line  group  which  is  not  considered  significant.  In  contrast  our  findings  for  this 
same  age  group  after  12  to  22  months  of  water  fluoridation  in  1948  revealed  a 
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Tabi.e  II 

DF.rAYED  Axr»  Extracteb  (iu  e  to  Caries)  ani>  Fii-reh  I)Erii*rors  Teeth 
Rates  Are  Per  Hi'N’hred  Chii-dren 


1  NO. 

TIME  OF 

EXPOSURE  TO 

,\(JES 

YE.VR  i  FJCAMS. 

i 

1  PPM  OF  F. 

6  1 

7 

1  S  1 

(6-8) 

1946  1.991 

None 

482.86 

550.06 

577.17 

516.70* 

1948  2,0.14 

12-22  mos. 

507.80 

.541.05 

620.22 

.5.56..15* 

Age  range  at  time 

of 

initial 

(45-66  mos.) 

(57-78  mos.) 

(69-90  mos.) 

fluoridation 

1950  1.244 

.15-46  mos. 

478..17 

1)68.04 

6.51.51 

599.89 

Age  range  at  time 

of 

initial 

(21-4.1  mos.) 

(11-55  mos.) 

(45-67  mos.) 

fluoridation 

1951  1,85.1 

47-.58  mos. 

449.6.1 

.558.26 

674.57 

560.82 

Age  range  at  time 
fluoridation 

of 

initial 

(9-11  mos.) 

(21-41  mos.) 

(11-55  mos.) 

Differonces  are  not  statistically  siRniflcant. 


•It  should  be  noted  that  the  caries  rates  per  100  children  for  the  6-8  year  oids  as  a 
group  shown  in  this  report,  vary  slightly  from  those  shown  in  previous  reports.  The  new 
averages  were  obtained  by  taking  a  simple  arithmetical  mean  of  the  individual  caries  rates 
of  the  6-,  7-  and  8-year-old  children.  The  group  averages,  shown  in  previous  reports, 

represents  weighted  averages  of  the  individual  mean  caries  rates.  Inasmuch  as  the  composi¬ 
tion  of  the  groups  of  children  with  respect  to  the  number  of  6-,  7-  and  8-year-olds  varies  from 
year  to  year,  it  was  felt  that  unweighte<l  group  averages  form  a  more  sound  basis  for  com¬ 
parison  of  group  caries  rates  between  years. 


reduction  of  approximately  the  same  amount.  Tii  lOoO  (35  to  46  months  ex¬ 
posure)  the  rate  increased  to  668.04  hut  dropped  to  558.26  in  1951.  The  1951 
rate  is  less  than  the  1950  rate  but  higher  than  the  1946  and  1948  rates.  It  is 
of  interest  to  note  that  the  rates  for  the  1951  6  and  7-year-old  children  are  almost 
the  same  as  the  1946  rate  for  these  two  afres.  The  8-year-old  children  demon¬ 
strated  a  percentage  increase  in  def  rates  for  the  deciduous  teeth  of  7.46  in  1948, 
13.23  in  1950,  and  16.87  in  1951,  when  compared  to  the  base  line.  Table  II. 

Immune  Decidumis  Dentitions. — Although  the  numlier  of  caries  immune 
deciduous  dentitions  per  100  children  fluctuated  for  the  four  groups  the  1951 
group  rate  was  less  for  all  three  ages  than  the  base  line  group.  Specifically  the 
rates  of  the  6  year  olds  dropped  from  21.04  in  1946  to  15.87  in  1948.  The  rate 
dropped  further  in  1950  to  13.17  but  rose  to  16.79  in  1951.  The  7  year  olds  indi¬ 
cated  a  decrease  from  11.33  in  1946  to  8.71  in  1948  to  3.87  in  1950  then  rose  to 


Table  III 

iMMi'XE  DErmrors  Dentitions  at  the  Time  of  Dental  Examination 
Bates  Are  Per  Hundred  Children 


j  NO. 

AGES 

YEAR  1  EXAMS. 

HHQBH 

8 

(6-8) 

1946  1,991 

None  (base 
line) 

21.04 

11.33 

6.09 

12.82* 

1948  2,034 

12-22  mos. 

15.87 

8.71 

8.18 

10.92* 

Age  range  at  time 

of  initial 

(45-66  mos.) 

(57-78  mos.) 

(69-90  mos.) 

fluoridation 

1950  1,244 

15-46  mos. 

13.17 

3.87 

4.30 

7.11 

Age  range  at  time 

of  initial 

(21-43  mos.) 

(33-55  mos.) 

(45-67  mos.) 

fluoridation 

1951  1,853 

47-58  mos. 

16.79 

10.66 

5.74 

11.06 

Age  range  at  time 

of  initial 

(9-31  mos.) 

(21-43  mos.) 

(33-55  mos.) 

fluoridation 

Differences  are  not  statistically  signiflcant. 
•See  footnote,  Table  II. 
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lO.GG  in  1951.  The  8-year-old  ehildren  indicated  a  rise  from  the  1946  rate  of 
G.09  to  8.18  in  1948  then  dropping  to  4.30  in  1950.  In  1951  the  rate  rose  to  5.74 
eases  per  100  ehildren.  Table  III.  It  would  Ik?  reasonable  to  a.ssume  that  when 
the  earies  attack  rate  was  raised  or  lowered  a  ehanj?e  would  likewise  be  observed 
in  the  iniinune  deciduous  dentition  eases  per  hundred  ehildren.  This  was  mainly 
true  for  the  6  and  7  year  olds  (exceptions  G  year  olds  1950  and  7  year  olds  1948) 
while  the  8-year-old  ehildren  followed  the  j)redietion  only  in  the  1950  }?roup 
(Table  II  &  III). 

We  believe  these  sliffht  variations  can  Ik?  expected  to  occur  from  one  year  to 
the  next  and  i)robably  are  without  significance. 

Permanent  Teeth — Deeayed,  Missing,  and  Filled. — The  rates  for  the  perma¬ 
nent  teeth  of  the  1951  ^roup  indicated  a  percentage  reduction  in  dental  caries 
experience  of  73.61  for  the  G  year  olds;  56.37  for  the  7  year  olds,  and  35.42  for 
the  8  year  olds  when  compared  to  the  orif?inal  base  line  figures.  The  three  age 
groups  demonstrated  a  constant  drop  in  dental  caries  exi)erienee  except  the 
1951  8  yeai'  group  which  showed  a  very  slight  inerea.se  when  compared  to  the 
1950  8-year-old  group.  It  is  intere.sting  to  note  that  the  1950  rate  of  the  8-year- 
old  ehildren  is  almost  exactly  the  same  as  the  rate  of  the  7-year-old  children  of 
the  base  line  groui)  in  1946  (Table  IV). 


Table  IV' 

Decayek  and  Missino  (Extracted  Due  to  Caries)  and  Filled  Permanent  Teeth 
Bates  Are  Per  1Iit>-i»red  Chii.dren 


NO. 

TIME  or 
EXPOSCRE  TO 

AOES 

YEAR 

EXAMS. 

1  PPM  OK  K. 

6  1 

7  1 

8  1 

(6-8) 

1,991 

None  (base 
line) 

46.85 

153.49 

249.93 

149.76’ 

l‘»48 

2,034 

12-22  mo.s. 

23.54 

103.58 

194.09 

92.07* 

Age  range  at  time 
fluoridation 

of  initial 

(45- (56  mos.) 

(57-78  mos.) 

((59-90  mos.) 

1950 

1,244 

35-46  nios. 

15.33 

80.93 

153.52 

83.26 

Age  range  at  time 
fluoridation 

of  initial 

(21-43  mos.) 

(33-55  mos.) 

(45-67  mos.) 

1951 

1,853 

47-58  mos. 

12.36 

66.97 

161.40 

80.24 

Age  range  at  time 
fluoridation 

of  initial 

(9-31  mos.) 

(21-43  mos.) 

(33-55  mos.) 

Differences  are  not  statistically  signiflcant. 
•See  footnote,  pag;e  348. 


First  Permanent  Molar  Occlusal  Surface  Caries  Experience. — 

Occlu.sal  .surfaces  with  pit  and  fissure  caries  or  fillings:  It  is  apparent  that 
a  reduction  of  73.61  per  cent  in  the  dental  caries  experience  rate  of  the  perma¬ 
nent  teeth  of  a  group  of  6-year-o!d  children  after  exposure  to  tiuoridated  water 
from  47  to  58  months  would  be  primarily  a  reduction  of  dental  caries  of  the  first 
permanent  molar  teeth.  The  reduction  in  dental  caries  experience  limited  to 
the  occlusal  surface  of  the  first  permanent  molar  teeth  of  the  6  year  olds  was  80.21 
per  cent  when  comparing  the  1951  group  to  the  1946  group.  The  7  year  olds 
demonstrated  a  66.97  per  cent  reduction  and  the  8  year  olds,  44.92  per  t*ent. 
The  rate  of  the  8  year  olds  in  the  1951  group  was  slightly  higher  than  the  1950 
rate  but  w'as  less  than  the  1946  and  1948  rates.  Again,  this  may  be  considered 
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Tabi>e  V 

First  Ff.rmanext  Moi,ar  Teeth  With  Ooceusai,  Bhreace  Pit  and 
Fissi’re  Caries  or  Fieunos 


Rates 

Are  Per  Hundred  Children 

!  NO. 

TIME  OF 

EXPOSURE  TO 

AGES 

YEAR  FJCAMS. 

1  PPM  OF  F. 

‘6  '  j 

7  1 

8  1 

(6-8) 

1946  1.991 

None  (base 
line) 

40.11 

110.01 

206.15 

125.50* 

1948  2.0.14 

12-22  mos. 

19.97 

77.12 

145.00 

80.76* 

.\ce  range  at  time 

of  initial 

(45-66  mos.) 

(57-78  mos.) 

(69-90  mos.) 

fluoridation 

19i)0  1,244 

15-46  mos. 

10.11 

52.12 

10S..59 

57.08 

Ace  ranee  at  time 

of  initial 

(21-41  mos.) 

(11-55  mos.) 

(45-67  mos.) 

fluoridation 

1951  1,851 

47  58  mos. 

7.91 

42.94 

11.1.64 

54.84 

Age  range  at  time 

of  initial 

(9-11  mos.) 

(21-41  mos.) 

(11-55  mos.) 

fluoridation _ 

Differences  are  not  statislically  siRniflcant. 
•See  footnote,  pagre  348. 


as  a  normal  fluctuation.  Here  the  7  year  olds  of  1951  and  the  1946  6  year  olds 
have  almost  the  same  rates.  Also  the  rate  of  the  1951  frroup  of  8  year  olds  and 
the  1946  7  year  olds  are  .somewhat  similar  (Table  V). 

Occlusal  surfaces  free  from  pit  and  fissure  caries  or  fillings;  It  would  seem 
probable  that  in  the  same  afjed  sroup  if  the  occlusal  surface  caries  experience 
was  decreasing  the  number  of  occlusal  surfaces  free  from  caries  experience 
would  be  increasing.  This  was  true  for  the  7  and  8  year  olds  but  not  for  the 
6  year  olds.  The  6  year  olds,  showed  a  reduction  in  rates  for  both  the  carious 
and  free  from  carious  occlusal  surfaces  (Tables  V  and  VI). 

The  apparent  discrepancy  may  be  accounted  for  when  you  recall  that  we 
classify  a  6  year  old  as  having  an  age  range  of  from  67  to  78  months,  obviously 
the  youngest  children  have  not  yet  erupted  all  of  the  permanent  molars.  There¬ 
fore  these  teeth  do  not  appear  on  the  chart  as  Ijeing  present  in  the  mouth  and 

Tabee  VI 

First  Permanent  Moears  Free  From  Occlvsae  Surface  Pit  and 
Fissure  Caries  or  Fillings 
Rates  Are  Per  Hundred  Children 


i  NO. 

TIME  OF 

EXPOSURE  TO 

AGES 

YEAR  :  EXAMS. 

1  PPM  OF  F. 

6  ! 

7  ! 

8  1 

(6-8) 

1946  1,991 

None  (base 
line) 

148.37 

200.26 

180.28 

176.30* 

1948  2,034 

12-22  mos. 

1.16.37 

259.18 

242.05 

212.53* 

Age  range  at  time 
fluoridation 

of  initial 

(45-66  mos.) 

(57-78  mos.) 

(69-90  mos.) 

1950  1,244 

.15-46  mos. 

130.00 

268.81 

275.00 

224.60 

Age  range  at  time 
fluoridation 

of  initial 

(21-43  mos.) 

(33-55  mos.) 

(45-67  mos.) 

1951  1,853 

47-58  mos. 

124.54 

272.97 

272.09 

223.20 

Age  range  at  time 
fluoridation 

of  initial 

(9-31  mos.) 

(21-43  mos.) 

(33-55  mos.) 

Differences  are  not  statistically  significant. 
•See  footnote,  page  348. 
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Tabi.e  VII 

Decayed  and  Fiij.ed  Maxim-ary  Anterior  I’ermanent  Teeth 
Bates  Are  Per  Hcndred  Uhii-dren 


year 

NO.  1 

EXAMS. 

TIME  or 

FJtPOSCRE  TO 

1  PPM  or  r. 

ACES 

6 

1  7  I 

8 

1  (6-8) 

1946 

1,991 

None  (base 

0.65 

3.03 

8.69 

4.12* 

line) 

1948 

2,034 

12-22  mos. 

0.00 

1.67 

5.00 

2.22* 

Aee  ranire  at  time  of  initial 

(45-66  mos.)  (57-78  mos.) 

(69-90  mos.) 

fluoridation 

1950 

1,244 

35-46  mos. 

0.17 

0.26 

1.56 

0.66 

Age  range  at  time  of  initial 

(21-43  mos.)  (33-55  mos.) 

(45-67  mos.) 

fluoridation 

1951 

1,853 

47-58  mos. 

0.00 

0.75 

2.33 

1.03 

Age  range  at  time  of  initial 

(9-31  mos.)  (21-43  mos.) 

(33-55  mos.) 

fluoridation 

DlfTerenceB  are  not  statiBtloally  BiKniflcant. 
•See  footnote,  paRe  .148. 


cannot  be  listed  as  being  caries  free.  Tabulations  based  on  the  rate  per  100 
molar  teeth  and  not  as  100  ehildren  will  undoubtedly  show  an  increase  in  the 
number  of  caries  free  oeelusal  surfaces  of  first  itermanent  molars. 

MaxUlarif  and  Mandibular  Anterior  Teeth  (canines,  first,  and  second 
incisors). — The  fi  year  old  rating  coidd  be  eliminated  as  there  are  so  few  fierma- 
nent  first  incisor  teeth.  The  rates  for  the  maxillary  anterior  teeth  for  the  7  and 
8  year  olds  in  1951,  though  much  lower  than  the  base  line  group,  increased  over 
the  1950  group.  The  1951  8  year  olds  indicated  an  increase  in  the  rate  compared 
to  the  1950  group.  However  it  was  lower  than  the  rate  of  the  1946  7  year  olds. 
Table  VII.  The  rates  for  the  mandibular  anterior  teeth  fluctuated  from  1946 
through  1951.  However  all  of  the  rates  are  less  than  1  DMF  tooth  per  hundred 
ehildren  in  the  6  year  olds.  The  7  year  olds  ranged  from  3.82  in  1946  to  1.37 
in  1948  to  2.32  in  1950  and  back  to  1.05  in  1951.  The  8  year  olds  ranged  from 
5.19  in  1946  to  2.72  in  1948  to  3.13  in  1950  ending  at  3.26  in  1951  (Table  VIII). 

Permanent  Tooth  Surfaces  With  Pre-carious  Lesions. — In  some  cases  it  is 
impossible  to  be  absolutely  certain  whether  or  not  a  deep  occlusal  fissure  or 


Table  VIII 

Decayed  and  Filled  Mandibvlar  Anterior  Permanent  Teeth 
Rates  Are  Per  Hcndred  Children 


NO. 

TIME  or 
EXPOSURE  TO 

AOES 

year 

EXAMS. 

1  PPM  OF  F. 

6  1 

7  1 

8  1 

(6-8) 

1946 

1,991 

None  (base 
line) 

0.86 

3.82 

5.19 

3.29* 

1948 

2,034 

12-22  mos. 

0.13 

1.37 

2.72 

1.41* 

.■Vge  range  at  time 
fluoridation 

of  initial 

(45-66  mos.) 

(57-78  mos.) 

(69-90  mos.) 

1950 

1,244 

35-46  mos. 

0.33 

2.32 

3.13 

1.93 

Age  range  at  time 
fluoridation 

of  initial 

(21-43  mos.) 

(33-55  mos.) 

(45-67  mos.) 

1951 

1,853 

47-58  mos. 

0.00 

1.05 

3.26 

1.44 

Age  range  at  time 
fluoridation 

of  initial 

(9-31  mos.) 

(21-43  mos.) 

(33-55  mos.) 

Dlfferencea  are  not  stutis.ically  aigniflcant. 
♦See  footnote,  page  348. 


352 


HILL.  BLAYNEY,  AND  WOLF 


I  n.  Rf. 
June.  I9S2 


Table  IX 

Permaxext  Tooth  Si  rfaces  With  Pre-carioi-s  Lesions 
Rates  Are  Per  HrxuREi)  Chii-bren 


NO. 

TIME  OF 
EXI*OSURE  TO 

AC.ES 

YE.VR 

EXAMS. 

1  PPM  OF  F. 

6  1 

7 

1  8 

(6-8) 

1946 

1.991 

None  (base 
line) 

50..32 

96.83 

107.65 

84.93* 

1948 

2.034 

12-22  mos. 

19.70 

63.00 

68.63 

50.44* 

Age  range  at  time 
fluoridation 

of  initial 

(45-66  mos.) 

(57-78  mos.) 

(69-90  mos.) 

1950 

1.244 

.35-46  mos. 

12.33 

41.75 

36.72 

30.27 

Age  range  at  time 
fluoridation 

of  initial 

(21-43  mos.) 

(33-55  mos.) 

(45-67  mos.) 

1951 

1.853 

47-58  mos. 

10..52 

28..38 

47.91 

28.94 

Age  range  at  time 
fluoridation 

of  initial 

(9-31  mos.) 

(21-43  mos.) 

(33  .55  mos.) 

Differences  are  not  statistically  significant. 
•See  footnote,  page  .'IIS. 


anatomic  pit  is  or  is  not  carious.  Wc  have  classified  these  areas  as  pre-carious 
because  we  believe  they  are  at  least  jiredisposed  to  caries  attack.  Our  data  re¬ 
veals  a  consistent  drop  in  the  occurrence  of  such  areas.  It  should  be  noted  that 
the  8  year  old  group  of  1951  was  the  7-year  group  of  1950  and  that  the  rates  are 
quite  nearly  the  same.  However  the  rate  of  47.91  for  the  8  year  olds  in  1951  is 
almost  as  high  as  the  rate  of  the  6  year  olds  in  194()  which  was  50.32  (Table  IX). 

The  percent  difference  for  the  six  comiiarisons  of  dental  caries  experience 
for  the  6,  7,  and  8  year  olds  in  1946  and  1951  is  shown  in  Table  X. 

DISCUSSION 

The  deciduous  teeth  dental  caries  experience  rates  of  the  1951  group  were 
not  materially  raised  or  lowered  when  compared  to  the  base  line  group  of  1946. 
The  fluoride  ion  may  possibly  provide  some  protective  action  for  completely 
calcified  enamel  of  unerupted  teeth.  During  the  post  formative  but  pre-eruptive 
interim  the  enamel  may  absorb  fluorine  from  the  tissue  fluids.  This  theorj'  has 
some  merit  as  there  was  a  slight  reduction  in  the  dental  caries  experience  of  the 
deciduous  teeth  of  the  6  year  olds  of  the  1951  group  over  the  base  line  group. 
Though  some  of  the  6-year-old  children  were  only  9  months  of  age  at  the  time 
of  fluoridation  the  enamel  of  the  deciduous  teeth  had  been  calcified  though  only 
the  deciduous  first  and  second  incisors  were  in  the  process  of  eruption. 

Table  X 

Per  Cent  Repcction  (R)  or  Increase  (1)  in  Caries  Attack  Rates  of  6-7-8  Year  Old 

Children  After  47-58  Months  of  Exposure  to  Artificially  Fluoridated  Water 


def  deciduous  teetli  I  4.49 

Immunities,  deciduous  teeth  B  13.73 

DMF  permanent  teeth  B  46.42 

Occlusal  surface  of  first  permanent  molar  teeth  R  56.30 

with  caries  ex|»erience 

Occlusal  surface  of  first  jjermanent  molar  teeth  free  I  28.13 

of  occlusal  surface  caries  or  fillings 

De<-ayed  or  filled  maxillary  anterior  permanent  teeth  R  75.00 

Decayed  or  filled  mandibular  anterior  permanent  teeth  B  59.27 

Pre  carious  lesions  on  permanent  tooth  surfaces  B  65.93 


W’liimf 

Nnmbtr  3 
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Thp^oaries  experienpe  rates  of  the  pcrnianont  teeth  was  eonsistently  lessened 
for  all  three  a>fes  of  the  1951  group.  The  reduction  in  dental  caries  experience  of 
the  permanent  teeth  of  the  6  year  olds  is  primarily  one  associated  with  the  oc¬ 
clusal  surface  of  the  first  permanent  molars.  There  was  a  reduction  in  the 
numl»er  of  occlusal  surfaces  with  pit  and  fissure  caries  or  fillings.  However  the 
rates  of  the  6-year-old  group  did  not  show  an  increase  in  the  numl)er  of  occlusal 
surfaces  of  the  first  permanent  molar  teeth  which  were  free  from  dental  caries 
experience.  This  was  explained  as  being  due  to  the  fact  that  some  first  perma¬ 
nent  molars  had  not  yet  erupted,  therefore  could  not  he  noted  as  present  in  the 
mouth  and  caries  free.  Had  the  rate  been  expressed  as  per  100  teeth  this  dis¬ 
crepancy  may  not  have  occurred. 

The  maxillary  and  mandibular  anterior  permanent  teeth  rates  indicated  a 
reduction  of  approximately  75.00  j)er  cent  for  the  upper  anterior  teeth  and 
59.27  per  cent  for  the  mandibular  anterior  teeth.  This  reduction  would  be 
associated  primarily  with  the  central  and  lateral  incisor  teeth  of  the  7  and  8 
year  olds.  The  rates  for  the  6  year  olds  in  each  group  is  less  than  1  D^IF  tooth 
per  hundred  children. 

ST’MMARY 

The  dental  caries  experience  rates  of  four  groups  of  children  exposed  to  an 
artificially  fluoridated  water  for  various  lengths  of  time  has  been  presented. 
The  last  group  (1951)  was  exposed  to  the  water  for  the  longest  perioel  of  time, 
47  to  58  months.  The  age  range  of  that  group  at  the  time  of  fluoridation  of  the 
water  w'as  from  9  to  55  months.  Although  all  the  deciduous  teeth  were  ealeified 
eruption  was  not  entirely  completed  at  that  time.  The  changes  in  the  dental 
caries  rate  of  the  deciduous  dentition  for  the  1951  group  w’ere  not  considered 
significant  when  compared  to  the  1946  or  base  line  group.  The  permanent 
teeth  dental  caries  experience  rate  of  the  combined  1951  group  of  6  to  8  year 
old  children  was  46.42  per  cent  lower  when  compared  to  the  base  line  group. 

REFERKNCE 

1.  Hill,  I.  N.,  Playney,  .T.  R.,  and  Wolf,  W. :  The  Evanston  Dental  Caries  Study.  VI.  A 
Comparison  of  the  Prefluoride  With  the  Postfluoride  Caries  Experience  of  the  6,  7, 
and  8-Year-Old  Children  in  the  Study  Area  (Evanston,  Ill.),  J.  D.  Bes.  29:  534,  1950. 


EPIDEMIOLOGIC  STUDIES  IN  DENTAL  CARIES.  V.  PLACEMENT  OF 
FILLINGS  AS  A  SOURCE  OF  STATISTICAL  ERROR  OF  ESTIMATE 
AS  TO  DENTAL  CARIES  PROGRESSION  RATES 

JULIAN  I).  BOYD,  M.D.,  JOHN  J.  CANNON,  D.D.S.,  AND 
ROBERT  E.  LEIGHTON,  D.D.S. 

Colleges  of  Medicine  and  of  Dentistry,  State  University  of  Iowa,  Iowa  City 

Earlier  reported  studies  from  Iowa  investigations  have  shown  the  manner 
in  which  estimates  of  caries  scores  may  be  distorted  due  to  various  errors 
of  experiment,  judgment,  or  estimate.^’  ®  This  report  deals  with  the  errors 
which  may  be  introduced  if  no  attention  is  paid  to  whether  or  not  teeth  have 
l)een  filled  prior  to  the  study,  or  are  filled  during  its  course.  Quantitative  esti¬ 
mates  of  such  error  are  offered  relating  to  one  aspect  of  the  problem. 

Operative  treatment  of  dental  decay  will  alter  the  subsequent  course  of 
caries  in  the  ti’eated  area.  Moreover,  the  presence  of  fillings  lessens  the  num¬ 
ber  of  tooth  areas  susceptible  to  initial  caries  attack.  Although  recognizing 
the  benefit  to  the  patient  which  dental  repair  wdll  bring,  it  seems  obvious  that 
one  may  expect  errors  of  estimate  as  to  caries  extent  and  as  to  rates  of  ad¬ 
vance  if  subjects  with  dental  fillings  are  used  in  experimental  studies  relating 
to  the  control  of  caries  through  nonoperative  means.  This  report  deals  spe¬ 
cifically  with  the  error  which  may  arise  through  the  filling  of  a  cavity  w'hen 
caries  extent  is  being  measured  in  terms  of  the  number  of  affected  tooth  sur¬ 
faces.  Such  error  arises  because  a  filling  necessarily  is  larger  than  the  zone 
of  decay  it  serves  to  replace,  and  frequently  wdll  extend  to  a  surface  previously 
free  from  caries  or  filling. 

To  gain  a  quantitative  concept  of  how  much  statistical  error  might  arise 
from  the  placement  of  fillings,  we  have  review'ed  the  dental  records  of  99 
children  i)rior  to  any  operative  procedure  and  then  again  immediately  after 
repair  has  been  completed.  The  difference  in  the  number  of  DF  (decayed  or 
filled)  surfaces  in  the  contrasted  records  is  taken  to  represent  the  degree 
in  which  the  dental  fillings  had  involved  surfaces  not  previously  affected  by 
caries. 

PRESENTATION  OF  DATA 

The  subjects  for  the  .study  were  children  coming  for  care  to  the  pedo- 
dontic  clinic  of  the  Dental  Uollege  Infirmary.  The  records  of  lot)  such  chil¬ 
dren  w^ere  chosen  serially  from  the  files.  From  these,  99  records  w’ere  found 
w'hich  offered  comparison  of  the  number  of  carious  tooth  surfaces  before  the 
child  had  had  any  dental  rei)air,  and  the  corresponding  number  immediately 
after  the  recognized  cavities  had  been  filled.  Records  were  limited  to  those 
subjects  regarding  whom  not  more  than  90  days  had  elapsed  between  the 
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initial  and  postoperative  examinations.  These  records  have  served  as  the 
source  of  data  from  which  our  conclusions  in  this  regard  have  been  drawn.* 
The  numerical  data  are  shown  in  Table  I  and  can  be  summarized  as  fol¬ 


lows:  Of  the  99  children’s  records,  60  per  cent  showed  an  advance  in  the 
number  of  affected  (OF)  tooth  surfaces  attributable  solely  to  the  placement 
of  fillings.  Among  those  with  increased  scores,  the  median  increase  was  2 
surfaces  for  each  mouth;  one-fourth  of  those  showing  increases  had  four 
added  surfaces.  When  the  degree  of  increase  was  compared  with  the  num¬ 
ber  of  carious  surfaces  initially  present,  the  average  degree  of  increase  was 
25  per  cent,  and  one-fourth  of  the  subjects  with  increase  had  50  per  cent  or 
more  surfaces  added  to  their  1)F  scores  because  of  the  placement  of  fillings. 


Table  1 

Changes  i.\  the  Ncmber  of  Carioi's  or  Filled  Tooth  Si'rfaces  Brought  About  Solely 
Through  the  Pijicement  or  Dental  Fillings 


aggre¬ 

gate 

1  PER  CENT 

RANGE 

MEDIAN 

mid-50% 

Age  (vears)* 

6V4 

4%-8 

Interval  between  pre-  and  postoperative 

1-90 

36 

20-56 

examinations  (days) 

Carious  .surfaces  at  the  first  examination 

a)  whole  group 

total  number  of  DF  surfaces 

913 

numl)er  of  DF  surfaces  in  each 

1-37 

7 

4-13 

mouth 

l»)  among  those  whose  DF  scores  later 
were  greater  after  placement  of 
fillings 

total  numl)er  of  DF  surfaces  629 

numl)er  of  DF  surfaces  for  each 
mouth 

Incidence  of  increase  in  DF  .scores  due 
solely  to  the  placement  of  fillings 

a )  whole  group 

numlier  of  added  DF  tooth  surfaces  153 
per  cent  of  initial  value 
numl>er  of  mouths  with  added  DF  59 

surfaces 

per  cent  of  total  group 
number  of  new  DF  surfaces  for 
each  mouth 

per  cent  increase  for  individual 
mouth 

b)  those  who.se  DF  scores  were  greater 

after  placement  of  fillings 
numl)er  of  added  DF  tooth  surfaces  153 
per  cent  of  initial  value 
numl>er  of  new  DF  surfaces  for 
each  mouth 

per  cent  of  initial  value 


1-37  10 


16.8 


60 


24.3 


0  11  1 
0-100  10 


1-11  2 

3-100  25 


5-14 


0-2 
0  29 


14 
13  50 


*49  boys  and  5U  (^irls  used  as  subjects. 


DISCUSSION 

The  customary  practice  is  to  fill  dental  cavities  once  they  have  been  dis¬ 
covered.  Through  such  treatment  one  may  expect  to  preserve  the  tooth  which 
has  been  aflFected  by  caries.  The  placement  of  the  filling  tends  to  check  the 

•These  data  were  assembled  by  Dr.  John  J.  Cannon  and  were  use<I  by  him  as  a  basis 
for  a  thesis  prepared  in  partial  fulflilment  of  requirement  for  Ids  deRree  of  Master  of  Science. 
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further  development  or  progression  of  caries  in  the  area  so  treated.  Likewise, 
in  some  areas  of  hypoplastic  enamel,  where  caries  is  prone  to  occur,  recom¬ 
mended  practice  calls  for  the  placement  of  fillings  even  though  decay  can¬ 
not  yet  be  diagnosed  with  certainty  (sometimes  even  though  it  is  assumed 
that  the  area  still  is  noncarious)  as  a  measure  for  the  prevention  of  tooth  de¬ 
cay.  Although  such  measures  generally  are  accepted  as  desirable  for  the 
welfare  of  the  patient,  the  placement  of  fillings  will  interfere  in  various  ways 
with  the  conduct  of  a  controlled  clinical  study  of  the  spontaneous  pattern  of 
caries  evolution,  or  of  the  effect  of  specific  agents  on  the  progress  of  tooth 
decay.  Sources  of  some  of  the  errors  introduced  through  the  placement  of 
fillings  are  as  follows: 

1.  The  placement  of  a  filling  lessens  the  susceptibility  of  a  tooth  surface 
to  further  decay.  If  fillings  have  been  placed,  the  degree  of  possible 
response  to  any  agent  being  tested  will  be  lessened  correspondingly 
for  the  mouth  as  a  whole,  and  one  can  expect  data  as  to  caries  advance 
to  be  modified  accordingly. 

2.  Once  a  filling  has  been  placed,  an  observer  can  no  longer  judge 
whether  the  area  of  repair  had  been  demonstrably  carious,  nor  can 
he  observe  the  subsequent  rate,  regularity  or  degree  of  advance  of 
caries  in  that  particular  cavity.  Advance  of  caries  is  as  significant 
a  measure  of  caries  attack  as  is  the  number  of  cavities  which  become 
diagnosable  during  a  given  period  of  time.  If  observations  are  lim¬ 
ited  to  the  counting  of  areas  which  develop  caries  during  the  course 
of  the  study  without  observation  of  the  course  of  cavities  already 
present,  the  results  will  tell  only  a  part  of  the  story  of  caries  pro¬ 
gression. 

3.  If  dental  lesions  are  filled  during  the  course  of  a  clinical  study,  the 
examiner  will  not  be  able  to  distinguish  between  the  effect  which  the 
filling  of  the  cavity  may  have  had  on  regional  and  general  caries  ad¬ 
vance  and  the  effect  he  may  wish  to  attribute  to  the  agent  whose 
caries-potentiating  power  he  is  testing. 

4.  A  filling  necessarily  is  larger  than  the  area  of  carious  enamel  and 
dentin  it  is  ilesigned  to  repair.  The  extent  of  this  difference  on  the 
DF  surface  count  has  been  demonstrated  for  one  child  population  in 
this  report. 

llecaiise  of  these  and  other  reasons,  studies  dealing  with  rates  of  caries 
advance  either  should  be  limited  to  subjects  who  have  had  no  reparative  dental 
care  prior  to  the  study  ami  who  receive  none  through  the  course  of  the  study, 
or  elst*  the  examiner  should  weight  his  findings  quantitatively  so  as  to  make 
allowance  for  the  effect  which  reparative  measures  may  have  had  on  the  re- 
sidts.  To  make  such  weighted  observations,  stu<lies  such  as  the  one  reported 
herewith  will  be  neces.sary  as  basis  for  estimate.  For  similar  reasons,  one 
shouKl  not  attempt  to  make  quantitative  comparisons  of  caries  incidence 
among  different  populations,  uiUess  the  nature  and  degree  of  reparative  den¬ 
tal  therapy  for  each  group  has  been  equated. 
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To  contest  the  foreffoinj?  statements,  it  niifrht  be  stated  that  one  can 
avoid  errors  due  to  the  size  of  the  filliiiffs  if  he  limits  his  consideration  to  the 
number  of  teeth  which  have  been  affected  by  caries  rather  than  to  the  number 
of  affected  tooth  surfaces.  Even  thoujfh  such  a  generalization  may  be  true, 
the  limitation  of  observations  lessens  the  sensitivity  of  the  study  to  such  an 
extent  that  only  gross  changes  (e.g.,  the  number  of  teeth  not  previously  af¬ 
fected  by  caries)  can  be  measured  by  the  examiner.  Moreover,  it  is  impor¬ 
tant  to  keep  in  mind  that  different  teeth  within  the  same  mouth  show  wide 
variability  as  to  their  susceptibility  to  caries  attack.  To  compare  the  rate 
of  caries  attack  for  anterior  teeth  from  one  subject  with  that  for  posterior 
teeth  from  another  mouth  is  not  justifiable  as  a  statistical  procedure.  Neither 
is  it  justifiable  to  comi)are  rates  of  caries  ])rogression  for  subjects  whose  teeth 
show  minimal  incidence  of  caries  with  others  who  at  the  outset  of  the  study 
have  experienced  caries  already  in  most  of  the  susceptible  teeth  in  the  mouth. 
For  these  reasons,  it  is  important  in  studies  of  comparative  rates  of  caries 
progression  to  include  only  subjects  who  initially  have  similar  caries  ex¬ 
perience  in  analogous  teeth  and  also  similar  posteruptive  age  of  the  teeth 
being  studied. 

It  might  be  stated  that  one  can  avoid  numerous  potential  errors  of  es¬ 
timate  if  the  examiner  limits  consideration  to  whether  or  not  a  carious  lesion 
is  present  on.  a  given  tooth  surface,  without  regard  for  its  size  or  its  .subse¬ 
quent  course.  Such  a  technique  leads  to  erroi*s  in  itself.  First,  one  surely 
should  make  distinction  between  the  significance  of  the  cavity  which  has 
invaded  the  dentin  and  which  endangers  the  pulp,  on  the  one  hand,  and  on  the 
other  the  defect  which  is  equivocally  carious  and  which  one  examiner  may 
interpret  as  having  had  caries  experience  while  another  with  equally  good 
training  may  designate  it  as  noncarious.  It  becomes  nece.ssary  to  distinguish 
between  lesions  on  the  basis  of  their  relative  extent,  and  as  to  whether  or 
not  the  dentin  has  been  obviously  broached.  Secondly,  one  should  consider 
the  variability  of  susceidibility  of  s])ecific  tooth  areas  to  decay.  The  location 
of  caries  of  itself  is  statistically  of  interest. 

In  setting  up  the  techni<jue  of  choice  for  the  registration  of  caries  in¬ 
cidence,  extent  or  advance,  the  observer  should  cht)ose  the  methoil  best  fitteil 
to  his  specific  objective.  M’hen  considering  caries  as  a  conuuunity  tlisorder, 
there  is  virtue  in  dealing  with  massed  imlividiials,  and  deriving  data  which 
express  the  extent  of  caries  within  the  population  without  necessary  regard 
for  the  individual.  However,  one  should  hesitate  to  apply  results  so  obtained 
to  what  may  be  expected  in  the  individual  subject.  All  studies  of  caries  oc¬ 
currence  and  advance  reveal  the  wide  range  of  values  to  be  observed,  even 
among  individual  subjects  whose  attributes  are  as  similar  as  one  can  expect  to 
find  among  diflTerent  persoris.  If  one  wishes  to  portray  the  variability  »>f  spon¬ 
taneous  |)attern  of  eai’ies  <levelopnu‘nt  ami  advance,  he  must  ileal  with  the 
records  of  individual  subjects;  or  still  better,  with  individual  teeth.  To 
estimate  rates  of  advance,  one  should  deal  with  serial  records  of  the  same  sub- 
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ject.  Even  with  the  most  meticulous  technique,  one  may  expect  discrepancies 
to  arise  between  serial  examinations  of  the  same  patient’s  mouth,  because  of 
differences  of  judgment  of  the  examiner  from  one  examination  to  another. 

The  more  one  works  in  the  field  of  clinical  caries  research,  the  more  one 
realizes  the  limitations  of  accuracy  attainable  in  the  clinical  estimation  of 
caries  advance.  This  report  indicates  that  errors  of  judgment  of  notable  de¬ 
gree  may  be  introduced  through  a  single  prevalent  practice:  namely,  the  fail¬ 
ure  to  give  consideration  to  whether  or  not  fillings  have  been  placed  prior 
to  the  study  or  are  placed  during  its  course.  Various  other  errors  are  in¬ 
digenous  to  clinical  studies.  Individually  they  serve  to  confuse  the  apparent 
course  of  caries  in  a  specific  mouth.  Cumulatively  they  may  lead  to  apparent 
changes  of  caries  progression  rates  which  are  greater  by  far  than  the  changes 
which  are  often  attributed  to  the  use  of  specific  agencies  for  the  modification 
of  the  pattern  of  caries  advance.  Insofar  as  most  studies  dealing  with  the  con¬ 
trol  of  caries  through  specific  means  have  failed  to  take  these  commonplace 
variables  into  consideration,  conclusions  based  on  the  data  from  such  studies 
should  be  accepted  only  with  reservation  of  judgment. 

REFEREXCE.S 

1.  Boyd,  J.  1).,  Wessels,  K.  E.,  and  Cheyne,  V.  D.:  Normal  Discontinuity  of  Progression  of 

Dental  Caries,  Proc.  Soc.  Exper.  Biol.  4'  Jffd.  73:  285,  1950. 

2.  Boyd,  .1.  D.,  and  Wessels,  K.  E.:  Epidemiologic  Studies  in  Dental  Caries,  III.  The 

Interpretation  of  Clinical  Data  Relating  to  Caries  Advance,  Am.  J.  Pub.  Health 

41:  976,  1951. 

3.  Boyd,  .1.  D.,  Wessels,  K.  E.,  and  Leighton,  R.  E.  P.:  Epidemiologic  Studies  in  Dental 

Caries.  IV.  Variability  of  Progression  Rates  of  Dental  Cavities  in  the  Occlusal 

Surfaces  of  Second  Molar  Teeth,  .7.  D.  Ees.  31:  124,  1952. 


EFFECT  OF  TEMPERATURE  UPON  THE  OEXTRINIZATION  OF 
STAR(’H  BY  SALIVARY  ENZYMES 
NAOMI  C.  TURNER,  ED.  M.,  AND  GEORGE  E.  CROWELL,  D.M.D. 

From  Biochemistry  Laboratory  Forsyth  Dental  Infirmary  for  Children,  Boston,  Mass. 

Temperature  is  a  very  critical  factor  in  determining  the  speed  of  starch 
breakdown  under  the  action  of  saliva.  That  such  a  relationship  exists  is 
not  surprising  because  of  the  known  relationships  between  temperature  and  the 
speed  of  enzyme  activity.  Kneen’s*  work  reflects  the  influence  of  temperatures 
on  the  action  of  malt  diastase.  The  following  data  present  a  methodical  study 
of  the  effect  of  temperatue  on  salivary  amylase. 

These  findings  are  of  i)ractical  importance  for  persons  concerned  with 
measuring  enzymically-induced  starch  breakdown  as  it  may  relate  to  dental 
caries.  A  relationship  between  the  speed  of  starch  breakdown  for  the  individual, 
(diastatic  activity,*  hydrolyzing  time,®’*  dextrinizing  time®)  and  his  dental 
caries  rate  has  been  reported  by  several  workers.  Since  this  test  may  have  a 
clinical  as  well  as  a  theoretical  value,  any  factor  which  affects  the  results  should 
be  studied.  The  temperature  factor  is  so  important  that  it  will  confuse  the 
results  of  different  workers  if  their  tests  are  carried  out  at  different  temperatures. 

The  method  used  in  this  study  is  as  follows:  Six  water  baths  were  main¬ 
tained  at  temperatures  of  90°  F.,  80°  F.,  75°  F.,  70°  F.,  60°  F.,  and  50°  F.  In 
each  bath  a  test  tube  of  1  per  cent  KI  and  a  test  tube  of  3  per  cent  were 
inserted.  The  baths  also  contained  empty  testing  tubes.  Sufficient  time  was 
allowed  for  temperatures  to  equalize. 

Pooled  saliva  from  different  individuals  \\as  collected  with  as  little  elapsed 
time  as  possible.  The  saliva  was  divided  into  six  graduated  test  tulH's.  One 
per  cent  com  starch,  in  amount  equal  to  the  saliva,  was  added  to  the  test  tube 
containing  saliva.  The  tube  was  immediately  immersed  in  the  appropriate  water 
bath.  A  test  alicpiot  was  withdrawn  at  frequent  intervals  to  determine  the 
lengths  of  time  for  dextrinization.  This  determination  is  made  as  follows: 
3  drops  of  saliva-starch  mixture  is  withdrawn  into  one  of  the  appropriate  empty 
testing  tubes;  to  this  is  added  3  drops  of  the  I  per  cent  KI  from  the  appropriate 
water  bath.  After  mixing  bv  shaking,  5  drops  of  3  per  cent  11,0..  are  introduceil 
from  the  appropriate  water  bath.  Immediately  after  the  addition  of  the  last 
solution,  color  is  read  upon  the  mixing  shake.  If  purple  or  blue  color  is  seen 
the  end  point  has  not  lu’cn  attained.  If  brown  is  the  only  eolor  seen  on  this 
mixing  shake  the  end  point  has  l)een  reached.  Yellow  e()lor  is  a  further  point 
l)eyond  brown.  The  time  is  noted  as  elapsed  minutes  Indween  original  intiv- 
duction  of  starch  to  saliva  and  this  brown  end  point.  This  time  is  recorded  in 
minutes  as  the  dextrinizing  time  for  the  .sidiva-stareh  mixture  from  any  given 
water  bath. 

Received  for  publlcHtion,  Deo.  12,  1951. 
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Time  Variations  (in  Minutes)  in  a  Stab<ti-Amyi>ase 
Reaction  of  Different  (F)  Temperatures 
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5 
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— 
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8 

.3 

Mean 

200.9  min. 

9.3.9  min. 

25.3  min. 

18..3  min. 

12.4  min. 

5.7  min. 

Dextrinizing  activity  which  requires  200  minutes  at  a  temperature  of  50° 
F.  takes  place  in  less  than  6  minutes  at  a  temperature  of  00°  F.  In  studying 
amyloclastic  activity  in  relation  to  dental  caries  susceptibility,  working  tempera¬ 
ture  is  a  factor  which  must  be  controlled. 
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A  NEW  TEC^HNIQl'E  FOR  ORAL  EXAMINATION  OF  RODENTS 

EKLING  JOHANHEN 

Division  of  Dental  Research  and  Department  of  Pathology,  University  of  Rochester  School  of 
Medicine  anvl  Dentistry,  Rochester,  X.  Y. 

UP  TO  the  present,  one  of  the  most  serious  handicaps  in  the  use  of  rodents 
in  investigation  of  oral  diseases  has  been  the  lack  of  an  easy  and  depend¬ 
able  method  for  routine  oral  examinations  of  the  live  animals.  The  small  size 
of  the  teeth  and  the  surrounding  .soft  tis.sues  and  the  posterior  location  of  the 
molars  make  observation  with  the  naked  eye  of  questionable  accuracy. 

An  oral  examination  can  be  performed  under  the  dissection  microscope  if 
the  animal  is  properly  anesthetized.  However,  this  i)rocedure  is  time  consum¬ 
ing  and  always  carries  the  ri.sk  of  premature  sacrifice  of  the  animal.  The 
development  of  an  easy  and  dependable  method  of  examining  living  unanes¬ 
thetized  animals  therefore  seemed  desirable.  The  technique  about  to  be  de¬ 
scribed  is  simple,  (piick,  and  noninjurious  when  proper  experience  is  attained. 

TECHNIQUE  OF  AXIM.\L  I.MMOBILIZ.\TION 

Fig,  1  illustrates  the  device  used  in  this  technique  and  for  descriptive 
jiurposes,  individual  parts  have  been  named  and  labelled.  The  device  is  held 
in  the  right  hand  with  the  index  finger  lightly  pressing  down  the  distal  end 
of  the  maxillar\'  adjustment  lever.  The  thumb  rests  on  the  horizontal  part  of 
the  frame.  The  adjustment  screw  is  only  partially  tightened  to  allow  a  rotat¬ 
ing  movement  of  the  maxillary  adjustment  lever. 

The  hamster  is  grasped  with  the  thumb  and  middle  finger  of  the  left  hand 
and  the  loose  skin  of  the  neck  is  pulled  backward.  This  procedure  forces  the 
animal’s  mouth  open,  separating  the  maxillary  and  mandibular  incisors.  The 
index  finger  rests  on  the  animal’s  head. 

The  maxillarj"  incisors  are  then  introduced  into  the  wire  loop  of  the  maxil¬ 
lary  stabilizer  wdth  a  forward  rotation  of  the  adjustment  lever.  (Fig.  2).  The 
index  finger  of  the  left  hand  now  rests  on  top  of  the  adjustment  lever  to  keep 
the  animal  in  place.  When  the  wire  loop  is  properly  seated,  the  nasal  cross 
bar  is  lowered  with  the  left  index  finger  to  lock  the  maxilla  in  a  fixed  jnisition. 
The  four  fingers  of  the  left  hand  slide  behind  the  animal’s  head  and  are  posi¬ 
tioned  in  such  a  way  that  the  head  cannot  be  retracted  from  the  wire  loop. 

The  adjustment  screw  is  oidy  partially  tightened  and  the  adjustment  lever 
is  lowered  with  the  right  hand.  The  animal  is  manipulated  with  the  left  hand 
in  .such  a  way  as  to  introduce  the  mandibular  incisoi-s  into  the  opening  on  the 
mandibular  stabilizer  (Fig.  3).  When  this  is  achieved,  the  mouth  is  otHuied 
by  a  combined  upw'ard  sliding  motion  and  backward  rotation  of  the  maxillary 
adjustment  lever.  Then  the  adju.stment  screw  is  tightened  with  the  left  hand, 
while  the  fingei*s  of  the  right  hand  temporarily  rest  on  the  animal’s  head  to 
hold  it  in  position. 

This  work  was  supported  in  part  by  Krant.s  from  ti»e  University  of  Rochester  and  the 
Kastman  Dentai  Dispensary,  Rooliester,  N.  Y. 

Receive<l  for  publication,  Dec.  22,  1951. 
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CONSTRUCTION  OF  DEVICE 

In  the  construction  of  this  device  the  materials  used  and  the  dimensions 
were  as  follows: 

1.  The  frame  is  made  of  brass  1  inch  wide  with  a  median  slit  of  3/16  inch. 
Its  vertical  part  is  3  inches  long  and  the  horizontal  part  2  inches. 

2.  The  maxillary  adjustment  lever  is  made  of  brass  spring  metal  V2 
wide  and  has  a  total  length  of  31A  inches.  The  mesial  inch  is  bent 
to  ])arallel  the  vertical  part  of  the  frame. 

3.  The  maxillary  stabilizer  is  made  of  steel  wire  contoured  around  the 
adjustment  lever  to  keep  it  in  position. 

4.  The  wire  loop  of  the  maxillary  stabilizer  is  %  inch  wide  and  V2 
high  when  the  nasal  crossbar  is  in  an  elevated  position.  For  rats  these 
dimensions  are  slightly  larger. 


Fig.  1. — Device  used  for  oral  examination  of  laboratory  animals. 

Key:  1,  frame  6.  mandibular  stabilizer 

2,  maxillary  adjustment  lever  7,  opening  for  the  mandibular  incisors 

3,  maxillary  stabilizer  8.  lateral  wings  of  the  mandibular  stabilizer 

4,  wire  loop  of  maxillary  stabilizer  9,  body  brace 

5,  nasal  crossbar  10,  adjustment  screw 


5.  The  nasal  crossbar  is  so  constructed  that  it  slides  up  and  down  to  in¬ 
crease  or  decrea.se  the  size  of  the  wire  loop.  It  has  a  snug  fit  to  keep 
it  .stationary  when  the  animal  is  positioned. 

6.  The  mandibular  stabilizer  is  made  of  aluminum  and  covered  with  ser¬ 
rated  rubber  on  the  outer  surface.  It  is  114  inches  wide  and  continuous 
with  the  body  brace  (9).  It  is  attached  to  the  horizontal  part  of  the 
frame  with  screws. 
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7.  The  opening  for  the  mandibular  incisors  is  located  1/2  inch  above  the 
frame,  and  the  lateral  wings  (8)  extend  to  a  height  of  1  inch.  (If  the 
device  is  to  be  used  on  the  rat,  the  distance  between  the  lateral  wings 
must  be  increased  to  allow  proper  retraction.) 

10.  The  adjustment  screw  holds  the  maxillary  adjustment  lever  in  position 
and  accounts  for  the  rotatory  and  sliding  mobility  of  the  latter. 

With  these  materials  and  constructed  according  to  the  specifications  the  device 
is  light,  easy  to  handle,  and  with  the  animal  in  place,  follows  the  shape  of 
the  hand. 

TECHNIQUE  OF  EX.\MINATION 

A  dissection  microscope  is  employed  in  the  examination  and  a  magnification 
of  (1  X  12)  is  sufficient  to  get  a  detailed  picture  of  all  the  molars  in  one  quadrant. 

The  animal  is  shifted  to  the  operator’s  left  hand  with  the  fingers  placed 
so  that  the  head  cannot  be  moved  backward.  For  examination  of  the  maxillary 
molars,  the  animal  is  positioned  with  these  teeth  nearly  parallel  to  the  microscope 
table.  The  cheek  and  masticatory  muscles  are  retracted  with  a  fiat  instrument 
in  the  right  hand.  The  author  finds  that  the  use  of  one  blade  of  a  pair  of 
slightly  separated  cotton  pliers  is  very  effective  for  this  purpose.  The  same 
procedure  is  followed  for  the  examination  of  both  upper  quadrants. 


Fig.  2. — The  maxillary  incisors  are  introduced  into  the  wire  loop  of  the  maxillary 
stabilizer. 

Fig.  3. — When  the  wire  loop  is  properly  seated,  the  cross  bar  is  lowered  to  lock  the 
maxilla  in  a  fixed  position.  Next  the  mandibular  incisors  are  introduced  into  the  opening  on 
the  mandibular  stabilizer. 

For  examination  of  the  lower  left  quadrant,  the  position  of  the  animal  is 
changed  so  that  the  mandibular  molars  are  parallel  to  the  microscope  table. 
The  animal  is  still  held  in  the  left  hand.  To  examine  the  lower  right  quadrant, 
the  animal  must  be  transferred  to  the  operator’s  right  hand. 


364 


JOHANSEN 


J.  D.  Res. 
June,  1952 


Fig.  4. — Photomicrographs  of  tlie  maxillary  molar  teeth  of  live,  unanaesthetized  animals 
(Microscopic  magnification,  1x12).  a,  Syrian  Hamster,  h.  Rat,  c.  Mouse. 
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The  main  difficulty  in  observing  the  mandibular  molars  is  the  disposal  of 
the  tongue  which  obstructs  the  view  of  the  teeth.  This  can  be  overcome  in  tw’o 
ways.  First,  slightly  separated  cotton  pliers  may  be  inserted  over  the  molars 
so  as  to  push  the  tongue  lingually  and  the  cheek  buocally.  This  method  is  the 
quickest  and  also  entirely  satisfactory  if  a  visual  examination  is  the  only  objec¬ 
tive.  Secondly,  the  tongue  may  be  extruded  and  locked  under  the  thumb  on 
the  lateral  wing  of  the  mandibular  stabilizer.  The  serrated  rubber  covering 
on  the  mandibular  stabilizer  helps  i)revent  the  tongue  from  slipping  back. 
Only  slight  pressure  is  needed  to  keep  the  tongue  extruded  when  the  animal 
is  quiet.  The  second  method  is  more  desirable  if  an  explorer  is  to  be  used  in 
the  examination. 

Good  light  is  essential  for  the  examination  and  after  having  tried  several 
methods,  the  author  has  found  that  two  goose  neck  reading  lamps  with  100 
watt  bulbs,  one  on  either  side  of  the  miero.scope,  proved  very  satisfactory.  No 
injurious  effects  have  been  observed  from  the  light  or  heat. 

Fig.  4n,  h,  and  c  are  photomicrographs  of  the  maxillary  molai’s  of  a  live, 
unanaesthetized  hamster,  rat,  and  mouse,  respectively,  and  represent  the  field 
of  vision  with  a  microscopic  magnification  of  (1  x  12). 

One  of  the  main  difficulties  before  this  technique  is  mastered  is  the  exertion 
of  the  right  amount  of  pressure  by  the  thumb.  If  too  much  is  applied,  asphyxia 
results  and  immediate  release  is  necessary.  However,  with  prompt  adminis¬ 
tration  of  artificial  respiration,  the  animal  is  quickly  revived.  As  a  precaution 
against  accidents,  the  operator  should  always  observe  the  color  of  the  oral 
mucous  membrane  during  the  examination  and  note  the  respiratory  movements 
of  the  tongue.  Impending  asphyxia  is  generally  preceded  bj"  violent  muscular 
reaction  with  subsequent  cyanosis  and  cessation  of  the  respiratory  movements 
of  the  tongue  and  epiglottis. 

SUMMARY 

1.  A  complete  and  reliable  oral  examination  of  laboratory  animals  can 
be  achieved  quickly  without  the  use  of  anaesthetics  and  without  sacrificing  the 
animal. 

2.  The  examination  can  be  completed  without  touching  the  molar  teeth 
or  gingiva. 

3.  The  technique  is  simple,  quick,  and  noninjurious  to  the  animal  when 
proper  experience  is  attained. 

The  author  wishes  to  thank  Dr.  I).  Afonsky  of  the  Division  of  Dental  Research,  the 
University  of  Rochester  for  his  helpful  suggestions  in  tlie  construction  of  the  device  and 
for  taking  all  of  the  photographs. 
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For  some  time  there  has  been  considerable  interest  directed  toward  the  evalu- 
tion  of  dental  restorations  from  the  physical  property  standpoint.  The  dental 
profession  has  long  recognized  that  the  success  of  a  restorative  appliance  is  de¬ 
pendent  not  only  on  the  satisfaction  of  biologic  criteria  but,  in  addition,  on  the 
capabilities  of  the  restorative  materials  as  well  as  the  tooth  structure  to  resist  ex¬ 
ternal  displacements  and  internal  deformations.  For  purposes  of  clarity,  ex¬ 
ternal  displacement  is  defined  as  a  relative  movement  of  the  restoration  with  re¬ 
spect  to  the  tooth,  while  internal  deformation  is  defined  as  the  dimensional 
change  of  the  restoration  or  tooth  with  respect  to  itself.  These  effects  are  gov¬ 
erned  by  the  laws  of  mechanics  and  the  inherent  physical  properties  of  the  ma¬ 
terials  involved;  either  of  them  can  result  in  the  failure  of  the  restorative  at¬ 
tempt. 

These  movements  are  caused  by  forces  applied  to  the  tooth  and  restoration 
which,  in  turn,  may  be  manifestations  of  mastication,  thermal  effects  within  the 
mouth,  setting  change  of  the  restorative  materials,  and  insertion  of  the  restora¬ 
tion. 

Present-day  restorative  preparations  are  results  of  years  of  practical  ex¬ 
perience  and  investigation,  and  have  been  qualitatively  designed  for  retention 
or  for  resistance  to  external  displacement,  as  well  as  to  restore  functon  to  the 
member  involved.  The  quantitative  analysis  of  external  displacement  and  in¬ 
ternal  deformation,  however,  has  not  been  investigated  to  any  great  extent, 
largely  due  to  a  lack  of  knowledge  of  the  physical  properties  of  tooth  structure 
and  restorative  materials  under  the  conditions  which  exist  in  the  mouth. 

As  an  aid  in  solving  the  over-all  problem  of  the  effects  of  these  dimensional 
changes,  this  study  was  directed  toward  the  determination  of  the  physical  prop¬ 
erties  of  dentin.  G.  V.  Black^  (1895)  determined  the  crushing  strength  of  .080 
inch  cubes  of  dentin,  but  because  of  his  equipment  limitations,  was  unable  to 
determine  the  proportional  limit  or  the  modulus  of  elasticity.  Subsequent  to 
this  date,  no  substantial  work  has  been  done  on  these  properties. 

The  difficulties  connected  with  this  investigation  were  quite  extensive  due 
to  the  many  existing  variables  and  will  l)e  borne  out  ])y  the  ensuing  discu.ssion. 
In  general,  the  preparation  of  test  specimens  and  the  testing  of  them  were 
further  complicated  by  the  small  sizes  involved  and  the  absence  of  engineering 
testing  procedures  for  these  sizes,  in  addition  to  the  heterogeneity  of  the  tooth 
structure  itself.  As  a  result  of  these  difficulties,  the  initial  work,  which  is  re¬ 
ported  in  this  paper,  was  the  determination  of  the  existence  of  all  the  variables 
involved,  .so  that  further  investigation  on  the  singular  effect  of  these  variables 
could  be  expedited.  In  addition,  working  values  of  the  physical  properties  of 
dentin  were  desired  in  order  to  estalilish  a  bas^is  for  analyzing  the  movements 
as  described  previously. 

This  study  was  supported  by  a  research  prant  from  the  Veterans  Administration  V-IOOIM- 

1 543. 

Received  for  publication,  Jan.  8,  1952. 
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SPECIMEN  PREPARATION 

First  and  second  molar  teeth  were  used  for  this  study  since  they  usually 
have  relatively  larfje  amounts  of  dentin.  These  teeth  were  freshly  extracted 
and  were  stored  in  water  until  time  of  test.  The  enamel  was  removed  from  the 
occlusal  surface  by  grindin*;  until  the  dentin  was  exposed.  During  this  opera¬ 
tion,  the  teeth  were  constantly  dipjied  in  water  to  prevent  drying  out  and  also 
to  offset  adverse  temperature  effects.  They  were  then  mounted  in  a  steel  ring 
filled  with  dental  stone  and  the  ring  was  placed  in  a  lathe.  Hollow'  drills  were 
sjiecially  designed  to  he  used  for  drilling  out  test  samples.  The  design  was  such 
that  water  was  in  continual  contact  with  the  tooth.  After  this  operation,  the 
cylindrical  specimens  were  placed  in  a  .special  jig  and  the  ends  were  finished  to 
insure  parallelism  and  flatness.  They  were  then  stored  in  water  until  time  of 
test.  The  average  size  of  these  specimens  was  approximately  4.5  mm.  long  and 
1.8  mm.  in  diameter. 


TUSTINO  PROCEDURE 

The  physical  iiroperties  of  dentin  studied  were  the  modulus  of  elasticity, 
proportional  limit,  and  compressive  strength,  all  of  w’hich  can  be  determined 
from  an  applied  stress  and  subsequent  strain  relationship  for  the  material.  By 
definition,  stress  is  load  or  force  per  unit  area  and  strain  is  deformation  per 
unit  length.  As  a  consequence,  the  terms  stress  and  load,  strain  and  deforma¬ 
tion,  are  often  used  .synonymously  since  they  are  related  simply  hy  the  geometry 
of  the  specimen. 

The  determination  of  strain  presented  a  problem  due  to  the  small  specimen 
size.  A  special  loading  device  was  made  to  allow'  for  this  measurement.  Fig.  1 
shows  this  device  with  a  mounted  specimen  and  the  position  of  two  Tuckerman 
Optical  Strain  Gauges.  Eccentricity  effects,  which  might  enter  into  the  strain 
measurements,  were  offset  by  the  mounting  of  two  gauges  instead  of  one.  The 
device  consists  of  a  rigid  frame  in  which  is  mounted  a  stationaiw'  steel  rod  and 
a  moveable  one.  The  specimen  w'as  placed  betw'een  the  steel  rods  and  load  w'as 
applied  through  the  upper  moveable  rod.  By  straddling  the  specimen,  the 
strain  gauges  measured  the  deformation  in  both  the  specimen  and  that  portion 
of  the  steel  rods  w'hich  lay  within  the  gauge  length.  However,  the  deformation 
in  the  steel  w'as  negligible,  for  the  loads  applied.  Therefore,  the  readings  taken 
reflected  only  deformation  in  the  dentin. 

The  entire  assembly  w'as  then  placed  in  a  Tinius  Olsen  Univei'sal  Testing 
Machine  and  load  w'as  applied  to  the  moveable  steel  rod.  Strain  readings  were 
taken  simultaneously.  A  stress-strain  curve  was  plotted  for  each  specimen,  a 
sample  of  which  is  shown  in  Fig.  2.  The  points  at  w'hich  the  three  physical 
properties  and  their  average  values  w'ere  determined  by  the  tests  conducted 
are  also  show'n  in  this  graph.  By  definition,  the  modulus  of  elasticity  is  the 
slope  of  the  .stress-strain  curve  within  the  elastic  limit;  the  proportional  limit 
is  the  stress  beyond  which  stress  is  no  longer  piDiiortional  to  strain;  the  com- 
luessive  strength  is  the  highest  stress  the  material  will  withstand. 

These  properties  define  the  inherent  strength  of  the  dentin  and  can  be 
used  (piantitatively  to  predict  its  behavior  under  applied  stress. 
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VARIABLES  INVOLVED  AND  THEIR  DETERMINATION 

The  main  variables  involved  in  this  problem  are  indicated  as  follows  and 
are  accompanied  by  the  measures  employed  to  determine  them : 

1.  Physiological  differences  in  the  teeth  tested — 

Knoop  Hardness  Tests  (500  Gm.  loail)  used  as  control  tests,  as  well  as  a  stress- 
strain  relationship,  were  made  on  each  specimen. 

2.  Directional  effects  in  the  tooth  structure — 

After  the  test,  specimens  were  de«*alcified  ami  the  direction  of  the  tubules 
relative  to  the  axis  of  the  cylindrical  specimens  was  determined. 

3.  Rate  of  stress  application — 

An  attempt  was  matle  to  keep  this  variable  constant  with  the  equipment  avail¬ 
able;  however,  variations  did  occur  and  the  different  rates  of  loading  were 
calculated. 

4.  Length  to  diameter  ratio  of  the  speidmens — 

This  variable  was  kept  fairly  constant,  e.xcept  where  it  proveil  desirable  to 
determine  its  effects  on  the  physical  property  mea.«urement. 

5.  Soundness  of  spe<'imen — 

Sj)ecimens  were  checked  visibly  for  defa’ts  or  the  presence  of  decay  and  the 
type  of  fracture  was  recorded. 


Kig.  1. — Dentin  specimen  mounte<l  in  a  loadinK  device  showing  the  position  of  Tucker- 
n>an  Strain  Mea.suring  Cauges.  Entire  assembiy  is  shown  between  the  loading  platens  of  a 
Tinius  Olsen  I'niversal  Testing  Machine. 


RESULTS 

In  Table  1  are  shown  the  tabulated  data  for  ten  tests.  The  physical  prop¬ 
erties  are  recorded  as  well  as  the  pertinent  variables.  As  was  mentioned,  it 
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Table  I 

Physical  Properties  or  Dentin*  and  Ineluencino  Variables 


SPECIMEN 

NUMBER 

MODULUS 

or 

EIJVSTKTTY 

PSI 

PROPDR- 

TIDNAL 

LIMIT 

PSI  j 

COM¬ 

PRESSIVE 

.STRENOTII 

PSI 

KNfJOp 

IIARD- 

NE.SS 

TUBULE 

DIREC¬ 

TION 

DEGREES 

LOADING 

RATE 

1  PSI/MI.N, 

LENGTH 

TO  DI¬ 
AMETER 
RATIO 

1 

1,700,000 

15,900 

38,700 

40 

23 

233,000 

2.49 

2 

1,710,000 

20,000 

33,700 

49 

78 

199,000 

2.47 

3 

1,470,000 

22.000 

34,900 

58 

83 

171,000 

2.76 

4 

1.070,000 

24,000 

;!4.000 

03 

— 

197,000 

2.30 

5 

1  r)Oo,ooo 

22,000 

37,000 

04 

31 

258  000 

1.70 

6 

1,920,000 

20  200 

34,000 

00 

8 

227  (K)0 

2.81 

7 

1,430,000 

25  300 

32,700 

07 

33 

107,000 

2.53 

8 

1,980,000 

27,800 

44,400 

70 

53 

230.000 

2.94 

9 

1,050,000 

27.300 

.34.100 

74 

70 

225.000 

2.29 

10 

1 .580,000 

22,700 

30,100 

75 

48 

182.000 

2.86 

.\verage 

1 .070,000 

23.400 

30.100 

03 

47 

209.000 

2.52 

was  not  found  desirable,  at  this  time,  to  isolate  any  of  the  variables  to  deter¬ 
mine  their  sinfjular  effects  on  the  physical  properties.  Instead,  workinof  values 
of  modulus  of  elasticity,  proportional  limit,  and  compressive  strength  were 
initially  deemed  more  important,  and  the  averaffes  of  these  ten  tests  were  con¬ 
sidered  sufficient.  A  jirevious  series  of  fourteen  unpublished  tests  yielded  an 
avera}?e  modulus  of  elasticity  of  1.66  x  10*’  psi.  as  compared  to  1.67  x  10*  psi.  for 


STRESS  -  STRAIN  IN  COMPRESSION  OF  DENTINE 


Fig.  2. — Stress-strain  curve  for  dentin  in  compression  indicating  average  useable  values  for  the 
physical  properties  of  this  material. 


these  tests,  and  the  work  of  (1.  V.  Black*  indicated  an  averav:e  compressive 
strength  of  37,200  psi.,  compared  to  36, UK)  psi.  for  these  tests,  thereby  sulistan- 
tiating  their  validity,  Insjiection  of  the  data  indicates  that  all  the  variables  men- 
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tioned  are  influential  to  some  decree.  AlthojiRh  the  deviations  of  the  physical 
property  values  from  their  averages  may  he  as  hi"h  as  20  per  cent,  it  is  impor¬ 
tant  to  realize  that  these  are  not  random  or  experimental  errors.  These  devia¬ 
tions  can  be  correlated  to  a  deviation  of  one  or  more  variables  from  their  averaj^e 
values,  such  that  over-average,  average,  or  under-average  physical  properties  can 
be  attributed  to  one  or  more  over-avera"e,  average,  or  under-averaf?e  variables. 
Specimens  3  and  8  were  taken  from  the  same  tooth  and,  upon  consideration  of 
their  Knoop  hardness  values,  the  results  indicate  that  the  physical  properties 
of  dentin  may  vary  depending  on  the  place  from  which  the  specimen  was  re¬ 
moved.  This  factor  further  validates  the  usajre  of  an  averaf?e  i)hysical  property 
value  since  it  would  be  nuxst  difficult  to  Ret  a  true  value  for  any  one  tooth. 

COXCLl'SIOXS 

The  followiiiR  conclusions  were  drawn  from  this  study: 

1.  The  physical  properties  of  dentin  are  influenced  by  the  following 
variables : 

a.  PhysioloRical  differences  in  teeth. 

b.  Directional  effects  in  the  tooth  structure. 

c.  Rate  of  stress  application. 

d.  Length  to  diameter  ratio  of  the  test  siiecimen. 

e.  Soundness  of  test  specimen. 

2.  The  averages  of  the  physical  properties  of  dentin  are  as  follows,  and 
represent  usable  values  for  the  analysis  of  stresses  and  subsecpient  move¬ 
ments  in  restorations  and  teeth  : 

a.  Modulus  of  elasticity — 1.67  x  lO**  psi. 

b.  Proportional  Limit — 23,400  psi. 

c.  Compressive  Strength — 36,100  })si. 

3.  On  the  basis  of  Knoop  hardness  tests,  the  physical  properties  of  dentin 
may  vary  within  the  same  tooth,  indicating  the  difficulty  in  obtaining 
true  values  for  these  i)roperties. 
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The  existence  of  triealeium  phosphate  hydrate,  or  a-tricaleiiim  phosphate  as 
it  is  sometimes  called,  is  a  problem  which  concerns  workers  in  many  fields. 
It  has  been  suggested  by  Dallemagne  and  his  co-workers’’  *  that  this  substance, 
admixed  with  magnesium  and  calcium  carbonate,  is  the  main  inorganic  con¬ 
stituent  of  bone.  How’ever,  chemists,  biologists,  and  mineralogists,  as  well  as 
.scientists  in  other  branches  of  research,  cannot  agree  as  to  whether  this  sub¬ 
stance  is  a  real  chemical  entity  or  is  merely  a  defective  or  physically  modified 
hydroxy-apatite.  The  main  problem  has  been  the  inability  of  the  experimen¬ 
talist  to  make  exact  x-ray  and  optical  measurements  on  this  material  because 
of  the  extremely  small  size  of  the  crystals  of  triealeium  phosphate  hydrate 
found  in  natural  or  laboratory  samples. 

There  are  two  main  structural  concepts  of  this  jmecipitated  calcium  pho.s- 
phate  in  w’hich  the  formula  Ca  :P04  ratio  is  1.50  as  opposed  to  1.67  for  hydroxy- 
ai)atite.  One  viewpoint,  held  by  Dallemagne,  Brasseur,  and  ^lelon,®  is  that  since 
the  x-ray  patterns  of  these  substances  are  quite  similar  but  their  optical  and 
chemical  properties  arc  different,  triealeium  phosphate  hydrate  may  be  thought 
of  as  a  ealcium-deficient  hydroxy-apatite,  Cag  (P04)6  IL  (011)2,  wdth  two 
hydrogen  ions  in  place  of  the  missing  calcium.  On  the  other  hand.  Bale,  Le- 
Fevre,  and  llodge^  maintained  that  the  triealeium  phosphate  hydrate  is  merely 
hydro.xy-apatite  with  phosphate  ions  adsorbed  in  sufficient  quantities  to  reduce 
the  Ca  :P04  ratio  to  the  1.50  value. t 

In  order  to  characterize  triealeium  phosphate  hydrate  conclusively,  it  is 
necessary  to  enlarge  the  crystals  so  that  precise  crystallographic  measurements 
can  be  made.  Then,  by  combining  these  x-ray  and  optical  data  with  the  chemical 
data,  it  may  be  possible  to  reach  a  reasonable  conclusion. 

CRYSTAL  GROWTH 

Commercial  triealeium  phosphates  were  chosen  as  specimens  for  the  crystal 
growth  experiments.  These  substances  had  an  original  particle  size  of  almut  500 
angstrom  units.  As  cited  by  Hodge,  LcFevre,  and  Bale,®  the  composition  of  com¬ 
mercial  tertiary  calcium  phosphates  is  found  to  vary  considerably.  Therefore, 
precautions  were  taken  to  choose  only  those  phosphates  which  had  a  Ca;P04 
ratio  as  close  as  po.ssible  to  1.50,  the  theoretical  ratio  in  a-tricalcium  phosphate. 

Submitted  by  Aaron  S.  Posner  in  partial  fulflllment  of  the  requirements  of  The  Poly¬ 
technic  Institute  of  llrooklyn  tor  tlie  Degree  of  Doctor  of  Philosophy. 
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tKor  a  more  complete  review  of  the  theories  concerning  triealeium  phosphate  hydrate, 
see  the  article  by  Dallemagne,  Bia.sseur  and  Melon.* 
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The  material  was  then  treated  in  a  hydrothermal  bomb  according  to  the 
method  of  Morey  and  Ingei-son.®  A  charge  of  alx)Ut  2  Gm.  of  the  original,  poorly 
crystallized  material  was  introduced  into  the  platinum-lined  chamber  of  the 
bomb  (roughly  20  ml,  in  volume).  This  was  then  covered  with  about  4  ml.  of 
distilled  water,  the  bomb  was  sealed,  using  a  platinum  ga.sket,  and  was  inserted 
into  a  furnace  which  was  held  at  the  desired  temperature  for  a  given  time.  The 
temperatures  used  ranged  from  250  to  450°  C.,  resulting  in  hydrothermal  pres¬ 
sures  that  attained  approximately  2,000  p.si.  The  experiments  lasted  from  a  few 
hours  to  a  few  weeks. 


Fig.  1. — X-ray  powder  diagrams  of  untreated  and  treated  tricalcium  phosphate  hydrate. 


The  results  of  the  crystal  growth  were  followed  by  x-ray  diffraction  and 
electron  and  optical  microscopy.  In  Fig.  1  the  improvement  of  crystallinity  is 
shown  by  the  sharpening  of  the  x-ray  pattern  of  the  sample  when  treated  in  a 
bomb  at  300°  C.  for  two  days.  The  same  samples  are  shown  in  Figs.  2  and  3, 
as  seen  under  the  electron  microscope,  the  former  being  the  untreated,  the  latter 
the  treated  sample.  Fig.  4  shows  the  same  siunple  treated  at  300°  C.  for  one 
week.  It  is  of  interest  to  note  that  the  crystallite  size  of  the  original  unimproved 
sample,  as  calculated  by  the  x-ray  line  broadening  (Fig.  1)  according  to  the 
method  outlined  by  Hiscoe  and  Warren,^  came  to  an  average  value  of  500 
angstroms.  This  checks  very  well  with  the  finest  jiarticles  seen  in  the  electron 
micrograph  of  this  substance  (Fig.  2).  Since  the  particle  size  and  the  crystallite 
size  are  of  about  the  same  <limensions,  this  leads  to  the  conclusion  that  the  ulti¬ 
mate  particles  of  the  tricalcium  phosphate  hydrate  observeil  are  single  crystals. 
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There  has  been  no  attempt  in  this  paper  to  report  on  a  systematic  study  of 
the  hydrothermal  growth  of  the  tricalcium  phosphate  hydrate  crystals.  The 
experimental  conditions  mentioned  herein  were  chosen  arbitrarily  since  they 
suited  the  available  equipment  and  furnished  us  with  crystals  large  enough 
for  making  accurate  x-ray  and  optical  measurements. 


Fie.  2. — Electron  micrograph  of  untreated  tricalcium  phosphate  hydrate.  Magnification 
20,000  diameters.  The  spherical  polystyrene  particle  in  center  of  picture  is  about  V*  micron. 

The  results  of  a  few  representative  crystallization  experiments  can  be 
seen  in  Column  5  of  Table  I.  This  table  contains  data  on  only  those  samples 
made  from  Baker  &  Adamson  C.  P.  tribasic  calcium  ])hosphate  (Serial  number 
3772).  It  was  found  that  the  minimum  treatment  necessary  to  sharpen  the  x-ray 
diffraction  pattern  (i.e.,  to  grow  the  crystals  larger  than  about  0.1  fi)  was  a  2 
hour  digestion  in  the  hydrothermal  bomb  at  300°  C.  with  a  resulting  internal 
pressure  of  approximately  2,000  psi.  As  the  same  treatment  was  continued  for 
a  week,  the  crystals  grew  to  a  length  of  about  2  to  3  ji  (Fig.  4).  This  size  seems 
to  be  the  practical  maximum  that  can  be  attained  under  these  experimental  con¬ 
ditions,  since  doubling  the  time  of  digestion  produced  no  measurable  increase 
in  particle  size. 

ANALYSIS 

The  original,  jioorly  crystallized  samjiles  and  a  few  of  the  improved  samples 
were  analyzed  for  calcium  and  jihosphate,  and  the  Ca  ;P04  ratios  were  calcu- 


KiR.  3. — Electron  micrograph  of  tricalcium  phosphate  hydrate  treated  for  two  days  at  300'  C. 
in  a  hydrothermal  bomb.  Magnification  20,000  diameters. 

There  was  no  trace  of  calcium  or  i)hosphate  found  in  all  of  the  micro¬ 
analyses.  It  was  then  decided  to  abandon  the  complete  chemical  analyses  since 
it  could  be  assumed  that  there  was  not  change  in  the  original  Ca:P04  ratio  if 
there  was  no  appearance  of  these  ions  in  the  water  phase.  In  general  it  can  be 

♦For  detail.^  of  these  methods  refer  to  pages  114  and  336,  respectively,  of  Chamot  and 
Mason’s  Handbook  of  Chemical  Microscopy,  Volume  II.* 
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latcd.  The  methods  used  are  described  by  Kolthoff  and  Sandell.®  The  calcium 
was  precipitated  as  the  oxalate  and  ignited  to  constant  weight  as  CaO,  while  the 
phosphate  was  determined  by  precipitating  it  as  magnesium  ammonium  phos¬ 
phate  and  igniting  to  con.stant  weight  as  MgaPaO^.  The  results  are  given  as  the 
formula  Ca  :P04  ratios  in  Column  3  of  Table  I. 

In  every  hydrothermal  experiment  the  residual  bomb  water  was  analyzed  by 
microcheniical  (pialitative  methods  for  the  presence  of  calcium  and/or  phosphate 
ions.  In  general  these  methods  depend  upon  the  addition  of  a  suitable  reagent 
to  a  drop  of  the  unknown  solution  which  has  been  placed  on  a  slide  mounted 
on  the  stage  of  a  jietrographic  microscojic.  The  separation  of  a  solid  phase 
which  ])osses.ses  crystalline  properties  pe<*uliar  to  the  ion  being  sought  is  verified 
by  microscope.  In  the  case  of  the  calcium  an  attempt  was  made  to  precipitate 
Ca(C204)-3H()  and,  in  the  case  of  the  phosphorus,  to  precipitate  the  complex 
compound  formed  between  the  phosphate  ion  and  silver  nitrate.* 
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concluded  from  the  analytical  results  that  the  original  substance  had  a  Ca:P()4 
ratio  equivalent  to  the  theoretical  ratio  of  tricalcium  phosphate  hydrate  and 
that  no  clrange  occurred  during  the  hydrothermal  treatment  of  this  sample. 

KJNITION  OF  PHOSPHATES 

It  is  well  established  that  calcium  phosphates  which  display  the  x-ray 
diffraction  pattern  of  hydroxy-apatite  and  have  a  CarPO*  ratio  of  1.50  will  give 
an  x-ray  diffraction  pattern  of  /8-tricalcium  phosphate  when  ignited  at  900° 
(j  5, 10  other  hand,  it  is  also  known  that  a  calcium  phosphate  giving  the 

hydroxy-apatite  x-ray  pattern  and  having  a  ratio  of  1.67  will  not  change  its 
x-ray  pattern  upon  ignition  at  the  same  temperature.^’  This  has  been  used  as 
a  method  of  differentiating  between  tricalcium  phosphate  hydrate  and  hydroxy¬ 
apatite.  »Some  samples  of  tricalcium  phosphate  hydrate  and  a  hydroxy-apatite 
were  subjected  to  such  an  ignition  at  900°  C.  for  at  least  eight  hours,  and  the 
resulting  x-ray  diffraction  patterns  are  tabulated  in  Column  9  of  Table  I. 


Fig.  4. — Klectron  micrograph  of  tricalcium  phosphate  hydrate  treated  for  seven  days  at  300® 
C.  in  a  hydrothermal  bomb.  Magnification  20,000  diameters. 


X-KAY  UIFFRACTIOX  AND  OPTICAL  STUDIES 

All  of  the  calcium  phosphates  studied  were  examined  as  powders  in  a  Geiger 
counter  x-ray  spectrometer  using  CuKa  radiation.  A  few  of  the  typical  results 
can  be  seen  in  Figs.  1  and  5.  The  principal  observation  made  on  the  patterns  of 
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tricaleium  phosphate  hydrate  is  that  they  are  very  similar  to  one  another  re- 
{?ardless  of  the  conditions  under  which  they  were  prepared.  In  fact,  with  the 
exception  of  very  slight  differences  in  cell  dimensions  (see  Table  I,  Columns  6 
and  7),  the  various  tricalcium  phosphate  patterns  are  identical.  The  X;j»y 
powder  pattern  of  a  typical  sample  of  “improved”  tricalcium  phosphate  hy¬ 
drate  (S-8)  w'as  carefully  compared  with  the  powder  pattern  of  hydroxy-apatite* 
(S-15).  These  patterns  are  shown  in  Fig.  5  and  Table  II. 

All  samples  were  examined  with  the  petrographic  microscope.  The  average 
indices  of  refraction  obtained  by  the  Becke  line  method  are  listed  in  Column  4 
of  Table  I. 

DENSITY  M  KASI  REM ENTS 

The  densities  of  some  of  the  samples  were  determined  by  a  modification  of 
the  ordinary  picnometer  method  usually  applied  to  liquids.  After  the  pienom- 
eter  was  calibrated  with  distilled  water,  a  ipiantity  of  the  powdered  sample 
to  be  studied  was  added  to  the  <lry,  weighed  picnometer  and  the  entire  system 
was  weighed  again.  The  i)icnometer  was  then  half  filled  with  water  and  sub¬ 
jected  to  a  vacuum  treatment  for  five  to  ten  minutes  in  order  to  rid  the  sample 
of  any  air  which  might  lead  to  erroneous  density  measurements.  The  picnom¬ 
eter  was  then  filled  to  the  mark  and  weighed  at  20°  C.  The  density  was  calcu¬ 
lated  according  to  the  method  outlined  by  Hidnert  and  Jeff’er”  using  the  follow¬ 
ing  equation : 

(IS 

^  =  S  +  P  +Vd-W' 

where  D  =  density  of  the  powder 

d  =  density  of  water  at  20®  C 

8  =  weight  of  the  powder  sample 

P  =  weight  of  the  dry  picnometer 

V  =:  internal  volume  of  picnometer 

W'  =  total  weight  of  the  picnometer,  powder  and  water. 

The  results  of  these  measurements  may  be  seen  in  Column  8  of  Table  I. 

.VDSttRBED  PHO.SPHATE  IONS 

Bale,  LeFevre,  and  Hodge"*  gave  the  reaction  (unbalanced)  in  which  tri¬ 
calcium  phosphate  hydrate  transforms  to  j8-tricalcium  phosphate  upon  ignition 
at  900°  C  as  follows : 

-3 

3  Ca,  (PO,).  Ca(OH).  +  (IX),),  10  Ca,  (PO,), 

This  viewpoint  stems  from  their  theory  that  tricalcium  phosphate  hydrate  is  in¬ 
deed  hydroxy-apatite  with  adsorbed  phosphate  ions. 

A  series  of  experiments  wtis  performed  to  test  the  almve  reaction.  A  charge 
of  2  Gm.  of  hydroxy-apatite  was  added  to  the  hydrothermal  iHimb  and  covered 
with  4  ml.  of  a  dilute  solution  of  orthoidiasphoric  aeid,  the  concentration  of 
which  was  adjusted  to  change  the  total  CaiPO^  ratio  of  the  charge  (solid  plus 
liquid)  from  1.67  to  1.50.  This  was  then  sealed  as  usual  and  heated  for  seven 

♦Sample  obtained  from  the  National  In.stitute  of  Dental  Research.  This  sample  is  not 

f»ure  hydroxy-y)atite,  as  shown  by  its  analysis  (Table  1);  however,  there  were  no  spurious 
ines  In  the  diffraction  pattern  and  so  it  was  chosen  as  a  standard. 
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days  at  300°  C.  The  resultant  sample  was  examined  by  x-ray  and  optical  meth¬ 
ods  and  part  of  the  sample  was  ifynited  for  12  hours  at  900°  C.  The  results,  as 
seen  in  Table  I  (Sample  S-29)  show  that  by  adding  phosphate  ion  to  hydroxy¬ 
apatite  and  igniting  it  at  900°  C,  a  y8-trioalcium  phosphate  structure  can  be 
achieved.  It  should  be  noted  that  the  addition  of  the  phosphate  ion  has  lowered 
the  index  of  refraction  from  1.64  to  1.61,  the  latter  figure  resembling  the  index 
of  refraction  of  the  chemically  precipitated  samples  of  tricalcium  phosphate 
hydrate. 


Fig.  5. — Comparison  of  the  x-ray  powder  diagrams  of  hydroxy-apatite  and  a  typical  tricalcium 

phosphate  hydrate. 

CONCLUSIONS 

From  the  analytical  data  obtained  it  might  be  concluded  that  tricalcium 
phosphate  hydrate  is  distinctly  different  from  hydroxy-apatite.  However,  their 
x-ray  diffraction  patterns  are  very  similar,  as  shown  in  Fig.  5  and  Table  II. 
The  small  difference  in  the  a  axis  might  be  explained  by  the  fact  that  this  axis 
in  the  “hydrate”  crystal  w’as  not  developed  beyond  0.1  to  0.2  n  and  such  mal- 
developed  axes  have  been  known  to  give  erroneous  axial  lengths.**  There  are 
also  some  differences  in  the  intensities  which  remain  unexplained  at  this  jwint. 

In  general  a  structure  must  aiipear  in  some  periodic  arrangement  whose  size 
is  of  the  order  of  100  angstroms  or  greater  in  order  to  be  detected  by  x-ray 
diffraction.  It  is  conceivable  that  some  substance  or  substances  may  Ik‘  pivsent 
in  the  tricalcium  phosphate  hydrate  in  large  enough  amounts  to  alter  the  CaiPO* 
ratio,  the  index  of  refraction,  the  density,  and  the  ignition  properties  without 
being  in  a  develojied,  cry.stalline  state  which  would  appear  in  the  x-ray  data. 


L 


380 


POSNER  AND  STEPHENSON 


J.  D.  Rr,. 
June,  1952 


To  correlate  tlie  analytical  results  with  the  above  x-ray  diffraction  data 
one  may  assume  some  sort  of  phosi)hate  ion  adsorption  or  occlusion  in  the  amount 
needed  to  change  the  Ca:P04  ratio  of  hydroxy-apatite  from  1.67  to  1.50.  If 
this  apparent  excess  of  phosphate,  6  i)er  cent  by  weifjht,  were  present  in  a  sepa¬ 
rate  crystalline  phase,  it  would  he  detected  by  x-ray  diffraction,  assuming  of 
course  the  crystallites  were  larger  than  about  100  angstrom  units. 

The  x-ray  diffraction  data,  which  show  very  little  difference  between  hy¬ 
droxy-apatite  and  tricalcium  ])hosi)hate  hydrate,  could  also  be  interpreted  to 
show  that  the  Dallemagne  and  Brasseur^  formulation  Ca^  (P04)«  IP  (OH)a 
might  he  true.  This  configuration  theoretically  would  give  a  pattern  quite  sim¬ 
ilar  to  the  hydroxy-apatite.  However,  if  the  density  of  this  substance  is  calcu¬ 
lated  from  the  unit  cell  volume,  obtained  from  the  x-ray  data,  and  the  molecu¬ 
lar  weight  suggested  by  the  above  formula,  it  is  found  to  he  3.03  as  opposed  to 
an  observed  value  of  2.89.  If  the  average  index  of  refraction  is  also  calculated 
using  the  (Jladstone  and  Dale  method,’-^  the  theoretical  index  is  found  to  he  1.65, 
while  the  observed  index  is  1.60.  If  the  hydrate  is  assumed  to  he  a  monohydrate 
instead  of  the  i)roposed  dihydrate,  the  theoretical  index  of  refraction  is  found 
to  he  1.64,  which  also  does  not  agree  with  the  observed  value.  To  reconcile  the 
density  and  index  of  refraction  data  with  the  x-ray  diffraction  data  it  may  he 
assumed  that  some  sort  of  diluent  which  fails  to  give  a  diffraction  pattern  is  ad¬ 
sorbed  or  occluded  in  the  hydroxy-apatite  crystals,  lowering  the  density  and 
index  of  refraction  by  the  amounts  shown. 

It  is  well  to  add  that  the  method  of  (Jladstone  and  Dale  is  only  approxi¬ 
mate  and  does  not  always  give  exact  results.  However,  it  is  felt  that  when  we 
compare  similar  compounds  as  above,  the  method  is  sufficiently  accurate  for 
our  purposes.  Thus  we  can  state  that  any  of  the  suggested  formulas  for  tri¬ 
calcium  ])hosphate  hydrate  would  give  indices  of  refraction  almost  coincident 
with  that  of  hydroxy-apatite. 

A  comi)lete  analysis  of  tricalcium  phosphate  hydrate  shows  that  it  contains 
anywhere  from  1.15  to  7.30  per  cent  of  volatile  water.®  The  above  evidence  does 
not  completely  explain  the  existence  of  this  excess  water  in  these  tricalcium 
phosphate  hydrate  crystals.  It  is  strongly  indicated  that  this  water  is  not  con¬ 
tained  in  the  structure.  One  can  guess  that  it  is  surface  adsorbed  water.  There 
is  some  evidence  from  preliminary  work  done  by  the  authors  that  when  enlarged 
tricalcium  phosphate  hydrate  crystals  are  subjected  to  differential  thermal 
analysis,  the  curves  are  (piite  dissimilar  to  those  obtained  from  the  fine  particle 
material.  This  lends  support  to  the  hypothesis  of  w'ater  adsorption  since  the  en¬ 
larged  particles  could  not  accommodate  such  a  large  excess  of  water  on  the  sur¬ 
face. 

A  .systematic  study  of  the  addition  of  phosphate  to  hydroxy-apatite  is  still 
under  way.  So  far  our  experiments  have  shown  that  by  the  addition  of  phos¬ 
phoric  acid  to  hydroxy-apatite  a  well  crystallized  product  can  be  obtained  which 
satisfies  the  tricalcium  phosphate  hydrate  fonnula.  This  product  has  a  density 
and  a  refractive  index  different  from  those  calculated  on  the  basis  of  an  apatite 
of  the  composition  Cag  Hz  (PO^je  (011)2,  while  the  x-ray  diffraction  pattern  is 
clearly  very  similar  to  that  of  hydroxy-apatite. 
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There  has  been  some  question  raised  as  to  whether  the  im])roved  crystals 
of  tricaleium  i)hosphate  hydrate  are  the  same  as  the  original  material.  Since 
they  analyze  the  .same  and  no  phosphate  or  calcium  was  found  in  the  residual 
bomb  water,  and  since  no  amount  of  l)omb  treatment,  ranging  from  two  hours 
to  one  week,  changed  the  index  of  refraction,  the  density,  or  the  x-ray  pattern, 
it  is  clear  that  there  has  been  no  chemical  or  crystallographic  change  during 
this  hydrothermal  growth. 

The  exact  nature  and  placement  of  the  physically  admixed  ions,  which 
according  to  this  hypothesis  make  the  hydroxy-apatite  appear  to  be  tricalcium 
phosphate  hydrate,  can  only  be  speculated  upon.  Surface  adsorption  of  phos- 
])hate  ions  cannot  be  the  entire  effect.  In  the  3  /it  crystals  of  the  improved  tri¬ 
calcium  phosphate  hydrate  it  would  be  impos.sible  for  6  per  cent  by  weight  of 
the  entire  erystal  to  be  phosphate  ions  adsorbed  in  any  reasonable  number  of 
layers  on  the  crystal  surfaces.  This  lends  emphasis  to  the  explanation  that 
the  bulk  of  the  phosphate  diluent  is  occluded  in  the  submicroscopic  faults  of 
the  hydroxy-apatite  crystal.  We  measure  a  density  of  2.89  on  these  tricalcium 
l)hosphate  hydrate  crystals,  which  differs  from  the  theoretical  value  of  3.13  for 
hydroxy-apatite.  Considering  the  6  per  cent  occlusion  as  ])hosphate  ion,  we 
cannot  completely  justify  this  low  density  by  this  factor  alone.  Thus,  there 
must  be  a  small  amount  of  empty  space  in  the  crystal  which,  coupled  with  the 
lower  density  of  the  phosphate  ions  as  compared  to  that  of  hydroxy-apatite, 
will  combine  to  give  the  observed  density.  Apparently  the  phosphate  ions  (and 
the  hydrogen  ions  associated  with  them  for  electrical  neutrality)  would 
deposit  imperfectly  in  the.se  entrapped  surfaces  during  crystal  growth 
so  that  there  would  be  empty  spaces  remaining,  thus  accounting  for  the  drop 
in  density  mentioned  above.  The  results  reported  in  this  paper  would  not 
indicate  whether  the  occluded  ions  were  P04”®  IIP04"-,  or  some  other  ion  involv¬ 
ing  phosj)horus,  but  regardless  of  the  exact  nature  of  the  ion,  the  principle  of 
occlusion  would  still  be  the  same  and  there  would  still  be  0.67  H3P()4  for  every 
hydroxy-apatite  molecule  to  form  one  molecule  of  so-called  tricalcium  phos¬ 
phate  hydrate.  Thus,  to  change  the  view  of  Hendricks  and  Hill’’'  very  slightly, 
the  formula  for  tricalcium  phosphate  hydrate  would  be  Cajo  (1*04)6  (OH),* 
occluded  0.67  H3  PO4. 

There  are  precedents  for  thinking  in  terms  of  imperfections  in  crj'stals. 
Addink’*  has  shown  that  the  density  of  certain  crystals  as  calculated  from  very 
accurate  x-ray  data  is  found  to  be  higher  than  the  carefully  measured  density. 
It  should  be  noted  that  the.se  imperfections  were  of  the  order  of  magnitude  of 
less  than  1  per  cent,  much  lower  than  the  above  6  per  cent.  The  mode  of  occlu¬ 
sion  of  exce.ss  phosphate  ions  in  hydroxy-apatite  may  be  similar  to  the  carbonate 
occlusion  suggested  by  Hendricks  and  Hill’®  for  the  carbonate  apatites. 

The  higher  content  of  phosphate  in  the  apatite  of  bone,  cementum,  and 
dentin  as  compared  with  enamel  indicates  that  a  mechanism  may  be  active 
which  permits  the  occlusion  of  these  ions  in  greater  amounts  in  bone.  Sobel, 
llanok,  Kirschner,  and  Fankuchen’®  have  shown  that  the  P04:C03  ratio  of 


382  POSNER  AND  STEPHENSON  J.  D.  Re, 

June,  1952 

blood  serum  bears  a  direct  relationship  to  the  P04:C03  ratio  of  enamel  and 
dentin.  This  may  indicate  that  the  amounts  of  inclusions  in  the  deposited 
apatites  depend  on  the  individual  concentration  of  these  ions  in  the  serum. 


SUMM.VRY 

1.  Crystals  of  so-called  tricalcium  phosphate  hydrate  were  enlarged  in  a 
hydrothermal  bomb  from  an  average  length  of  500  angstrom  units  to  about  3 
II  Anthout  changing  their  Ca  :P04  ratio,  density,  refractive  index,  and  the  spac- 
ings  of  their  x-ray  pattern. 

2.  The  x-ray  diffraction  powder  patterns  of  tricalcium  phosphate  hydrate 
and  hydroxy-apatite  were  found  to  be  quite  similar. 

3.  The  differences  between  hydroxy-apatite  and  tricalcium  phosphate  hy¬ 
drate  insofar  as  density,  index  of  refraction,  and  results  of  ignition  at  900° 
C.  are  concerned  can  possibly  be  explained  by  postulating  a  6  per  cent  phos¬ 
phate  ion  inclusion  in  the  entrapped  surfaces  of  the  hydroxy  apatite  crystal. 

4.  We  suggest  that  a  possible  formula  for  tricalcium  phosphate-hydrate  is 
Ca,o  (P04)6  (OH) 2 -occluded  0.67  H3  PO4. 

referp:xces 

1.  Dallemafine,  M.  J.:  Evil.  Soc.  Roy.  Sc.  Liege  11:  488,  1942. 

2.  Dallemagne,  M.  J.,  and  Brasseur,  H. :  Bull.  Soc.  Roy.  Sc.  Liege  11:  451,  1942. 

3.  Dallemagne,  M.  .J.,  Brasseur,  H.,  and  Melon,  J. :  BuU.  Soc.  Chem.  Biologique  31:  425, 

1949. 

4.  Bale,  W.  F.,  LeFevre,  M.,  and  Hodge,  H.  C.:  Naturwis.s  24:  636,  1936. 

5.  Hodge,  H.  C.,  LeFevre,  M.,  and  Bale,  W.  F. :  Ind.  Eng.  Chem.  Anal.  Ed.  10:  156,  1938. 

6.  Morey,  G.  W.,  and  Ingerson,  E. :  Am.  Mineral.  22:  1121,  1937. 

7.  Biscoe,  J.,  and  Warren,  B.  E. :  J.  Appl.  Physiol.  13:  364,  1942. 

8.  Kolthoff,  I.  M.,  and  Sandell,  E.  B. :  Textbook  of  Quantitative  Inorganic  Analysis,  New 

York,  1943,  The  Macmiilan  Company,  pp.  358  and  396. 

9.  Chamot,  E.  M.,  and  Mason,  C.  W. :  Handbook  of  Chemical  Microscopy,  Vol.  II,  New  York, 

1940,  John  Wiley  and  Sons  Inc. 

10.  Sobel,  A.  E.,  Hanok,  A.,  Kirschner,  H.  A.,  and  Fankuchen,  I.:  J.  D.  Res.  28:  61,  1949. 

11.  Hidnert,  P.,  and  Pelfer,  E.  L. :  Density  of  Solids  and  Liquids,  National  Bureau  of 

Standards  Circular  487,  March,  1950,  Washington,  D.  C. 

12.  Lennard- Jones,  J.  E.,  and  Dent,  B.  M. :  Proc.  Roy.  Soc.  A121:  247,  1928. 

13.  Gladstone,  J.  H.,  and  Dale,  T.  P.:  Roy  Soc.  London  Philos.  Trans.  153:  337,  1863. 

14.  Addink,  N.  W.  H. ;  Rec.  Trav.  Chem.  70:  262,  1951. 

15.  Hendricks,  S.  B.,  and  Hill,  W.  L. :  Proc.  Nat.  Acad.  Sc.  36:  731,  1950. 

16.  Sobel,  A.  E.,  Hanok,  A.,  Kirschner,  H.  A.,  and  Fankuchen,  I.:  J.  Biol.  Chem.  179:  205, 

1949. 


THE  STAINING  OF  NERVP:  FIHERS  IN  TEETH 

MAK(}ARET  M.  POWERH,  B.S.* 

Department  of  Anatomy,  University  of  Texas  School  of  Dentistry,  Houston,  Texas 

Despite  the  clinical  evidence  that  the  dentin  is  sensitive  there  remains 
wide  controvei'sy  as  to  whether  or  not  nerve  elements  are  themselves  re¬ 
sponsible  for  this  sensitivity.  The  older  literature  was  well  covered  by  Berkel- 
hach,'  Kronfeld,*  and  Rrashear*  and,  recently,  Bernick*  has  also  discussed  this 
(jucstion  so  there  is  no  need  for  a  complete  review.  Briefly,  however,  the  reports 
on  innenation  of  the  dentin  fall  into  three  {rroups:  some  have  claimed  that  the 
dentin  is  nonnervous  (llopewell-Smith,®  Tief?s,®  and  Orban^) ;  others  that  it 
contains  a  few  nerve  flbers  (Wasserman,'*  Berniek^  and  Lewinsky  and  Stewart*) ; 
and  still  others  apparently  believe  that  the  dentin  is  more  richly  innervated  than 
even  the  finger  tips  (Tojoda,’*  Miinch,"  Mummery,**  and  Berkelbach*).  Two 
factors  are  chiefly  responsible  for  this  controversy.  The  first  of  these  is  the 
relative  difficulty  of  silver  impregnation  methods,  and  the  second  is  the  non¬ 
specific  nature  of  many  of  these  methods  for  the  staining  of  ner\'e  fibers.  In 
the  case  of  the  tooth  the  dentinal  tubules  and  the  connective  tissue  of  the  pulp 
are  often  darkly  or  erratically  stained  making  it  difficult  either  to  trace  or  to 
differentiate  nerve  fibers. 

Since  published  accounts  concerning  the  innervation  of  the  tooth  have  been 
limited  to  the  use  of  only  a  few'  techniques,  it  was  thought  that  a  wide  survey 
of  possible  methods  might  reveal  one  which  gave  comparatively  complete  im¬ 
pregnation  of  nerve  fibers  w’ith  not  too  much  impregnation  of  nonnervous  struc¬ 
tures.  Since  block  methods  and  frozen  section  methods  are  not  flexible,  only 
“on-the-slide”  techniques  were  considered. 

Several  fixatives  were  tried,  including  10  per  cent  formalin,  formalin  chloral 
hydrate  mixture,  Bodian’s  method  No.  2,**  95  per  cent  alcohol  fixation,  Bouin  s 
and  a  modified  Bouin ’s  solution.  The  following  techniques  were  applied  after 
these  fixatives  and  gave  unfavorable  results — Bodian,**  Davenport,**  Palmgren,*^ 
and  Pearson  and  Whitlock.*®  However,  the  silver  nitrate  methods  of  Romanes'* 
and  Ungewitter*®  gave  very  satisfactory  results.  The  present  report  concerns 
the  use  of  these  last  tw'o  methods  wdth  modifications  wdiich  have  given  consistent 
results  and  convincing  differentiation  of  nerve  fibers  in  the  pulp  and  the  dentin 
of  both  human  and  rat  teeth.  An  account  of  unsuccessful  methods  need  not  be 
presented. 

MATERIAL  AND  METHOTS 

Freshly  extracted  noncarious  adult  human  teeth  were  fixed  in  either  forma¬ 
lin  chloral  hydrate  solution  (formaldehyde  [37  per  cent]  10  c.c.,  chloral  hydrate 
10  Gm.,  distilled  water  90  c.c.)  or  motlified  Bonin’s  (saturated  aqueous  picric 

Demonstration  of  some  of  this  material  was  presented  at  the  Meeting  of  the  American 
As.sociation  of  Anatomist.s,  Detroit.  Mich.,  on  March  21,  1951  :  also  at  the  American  Dental 
Association  Meeting,  Washington,  D.  C.,  Oct.  15.  1951. 

Received  for  publication,  June  29,  1951  ;  revised  by  author,  Jan.  30,  1952. 

♦Present  ad<lress:  D»‘partment  of  Anatoniy,  I'niversity  of  Ruffalo  Medical  School,  Buffalo 
3,  New  York. 
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acid  75  c.c.,  formaldehyde  [37  per  cent]  25  c.c.  and  trichloracetic  acid  1  Gm.). 
Matured  rat  jaws  were  fixed  overni}j;ht  in  the  formalin  chloral  hydrate  fixative. 
After  fixation,  decalcification  with  either  formic  acid  sodium  citrate  mixture 
(Evans  and  Krajian'*)  or  5  j)er  cent  trichloracetic  acid  in  50  per  cent  ethyl 
alcohol  proved  satisfactory.  After  slow  dehydration,  tissue  was  embedded  in 
paraffin  and  sectioned  serially  at  10  or  15  microns.  Since  the  silver  nitrate 
techniques  of  Komanes''  and  ruj^ewitter’'*  are  recent  and  hence  not  well  known 
and  since  some  modification  was  necessary  for  their  use  on  teeth  the  various 
steps  are  presented.  It  was  found  essential  to  mordant  the  sections  before  stain¬ 
ing  by  Romanes’  method‘s  in  a  0.5  per  cent  cupric  nitrate  overnight  in  a  37° 
G.  oven.  This  mordanting  diminished  background  staining  and  intensified  the 
staining  of  the  nerve  pr(K*esses. 

Method  /.— 

1.  Fix  the  tissue  in  10  per  cent  formalin  with  10  t)er  cent  chloral  hydrate 
for  one  to  three  days. 

2.  Wash  in  running  tap  water  for  24  hours  or  overnight. 

3.  Decalcify  in  either  e(jual  parts  of  20  per  cent  sodium  citrate  and  50  per 
cent  formic  acid  or  in  5  per  cent  trichloracetic  acid  in  50  per  cent  alcohol. 

4.  After  tissue  is  completely  decalcified  wash  in  running  tap  water  for  24 
hours. 

5.  Dehydrate  slowly  using  changes  of  30  per  cent,  50  per  cent  and  70  per 
cent  ethyl  alcohol  for  24  hours  in  each ;  then  into  solutions  of  combinations  of 
95  per  cent  ethyl  and  n-butyl  alcohols  with  final  dehydration  in  n-butyl  alcohol 
for  two  to  three  days. 

6.  Infiltrate  with  56  to  58  degree  paraffin  for  12  to  24  hours. 

7.  Section  at  10  or  15  microns. 

8.  Remove  paraffin  with  xylol  and  hydrate  through  graded  ethyl  alcohols 
to  distilled  water. 

9.  Place  in  0.5  per  cent  acpieous  cupric  nitrate  (Baker’s  crystals,  c.p.) 
solution  overnight  in  37  degree  C.  oven. 

10.  Rinse  through  several  changes  of  distilled  water. 

11.  From  here  on  follow^  Romanes’  silver  chloride  method”  which  is  as 
follows : 

12.  Place  overnight  in  the  following  solution  in  56  degree  C.  oven : 

Distilled  water  50.0  ml. 

0.1  per  cent  silver  nitrate  2.9  ml. 

0.1  per  cent  sodium  chloride  1.0  ml. 

1.0  per  cent  ammonia  16  drops  (0.7  c.c.) 

13.  After  incubation,  the  sections,  now  light  brown  in  color,  are  rinsed  in 
distilled  water  and  developed  for  5  min.  in: 

Ilydroquinone  1.0  Gm. 

Sodium  sulphite,  anhyd.  5.0  Gm. 

Distilled  water  100.0  ml. 

14.  Wash  well  and  take  through  distilled  water  into  0.2  per  cent  gold 
chloride  for  10  minutes. 


Fig.  2. 
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15.  Wash  in  distilled  water  for  two  minutes. 

16.  Place  in  2  per  cent  oxalic  acid  until  the  nerves  are  clearly  dehned  but 
for  not  more  than  .3  minutes. 

17.  Wash  and  place  in  5.0  per  cent  sodium  thiosulphate  for  3  to  5  minutes. 

18.  Wash,  dehydrate,  clear  and  cover. 

Method  II. — 

1.  Fix  tissue  in  the  following?  solution  for  3  days  or  longer: 

Sat.  aq.  picric  acid  75.0  c.c. 

Formalin  (37  per  cent)  25.0  c.c. 

Trichloracetic  acid  1.0  Gm. 

2.  Follow  Method  1  steps  2,  3,  4,  5,  6  and  7. 

3.  From  here  on  follow  Un^ewitter’s  urea  silver  nitrate  method'*’  which  is 
as  described  below' ; 

4.  Remove  paraffin  with  xylol  and  run  sections  throujfh  alxsolute  and  95 
per  cent  alcohol  to  80  per  cent  alcohol. 

5.  Immerse  slides  directly  from  the  80  per  cent  alcohol  for  60  to  90  minutes 
at  50  to  60  degree  C.  (place  in  paraffin  oven)  in  the  following  solution: 

1  per  cent  aqueous  silver  nitrate  100.0  ml. 

Urea,  U.S.P.  20-30  Gm. 

1  Gm.  mercuric  cyanide  and  1  Gm.  picric 

acid  in  100  ml.  distilled  water  1  to  3  drops 

6.  Rinse  quickly  in  2  changes  of  distilled  w'ater. 

7.  Reduce  for  3  to  5  minutes  at  25  to  30  degree  U.  (room  temperature)  in  a 
solution  prepared  by  adding  the  following  reagents  in  the  order  indicated : 

Distilled  water  100.0  ml. 

Sodium  sulphite,  anhyd.  10.0  Gm. 

Hydroquinone  •  1-2  Gm. 

Urea  20-30  Gm. 

Agitate  the  slides  gently  for  about  the  first  2  minutes. 

8.  Wash  thoroughly  in  4  or  5  changes  of  distilled  water. 

9.  Run  sections  through  graded  alcohols  to  80  per  cent  alcohol  and  examine 
under  the  microscope.  If  the  staining  is  not  completed  repeat  steps  5,  6,  7,  8 
and  9  as  often  as  necessary.  The  original  solutions  may  be  used  in  this  restain¬ 
ing,  but  the  time  the  sections  are  kept  in  the  urea-silver  nitrate  bath  (step  5) 
should  be  reduced  to  10  to  15  minutes. 

10.  When  staining  has  been  completed,  dehydrate  through  95  per  cent  and 
absolute  alcohol,  clear  in  xylol  and  mount. 

The  sections,  may  be  coated  with  0.5  per  cent  celloidin  in  both  metluxls  before 
staining  and  also  before  mordanting  in  the  cupric  nitrate  solution  to  prevent 
lo-ss  of  sections  and  precipitation. 

RESULTS 

With  Method  I  the  nerve  proces.ses  are  stained  black  in  contrast  to  the  much 
lighter  staining  of  the  surrounding  nonnervous  structures.  Ry  this  method  and 
w’ith  serial  sections  the  continuity  of  the  nerve  fibers  from  the  pulp  deep  into 
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Fig.  6. — Longitudinal  section  through  molar  of  rat.  Method  I.  Section  shows  continuity 
of  nerve  fiber  from  Fig.  1  through  Fig.  4  traced  in  order  to  bring  the  whole  nerve  fiber  Into 
focus,  n.,  nerve  fiber;  pr.,  predentin;  d,  dentin;  p,  pulp;  e.b.,  end  bulb;  od.,  odontoblast; 
d.f;  dentinal  fiber. 

Fig.  6. — Longitudinal  section  through  molar  of  rat.  Method  I.  Section  shows  nerve  fibers 
extending  from  pulp  into  dentin.  Note  loop  of  nerve  fiber,  n.,  nerve;  v.,  varicosity;  d.,  dentin; 
p.,  pulp ;  d.f.,  dentinal  fiber ;  od.,  odontoblast. 


(For  legends,  see  opposite  page.) 
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the  dentin  may  be  traced  (Figs.  1,  2,  3,  and  4).  Fig.  5  is  a  photograph  of  a 
longitudinal  section  through  a  rat  molar  showing  the  surrounding  nonnervous 
structures  with  the  continuity  of  this  nerve  fiber  inked  in  to  bring  its  whole 
course  into  view.  The  .specific  staining  of  an  end  bulb  at  the  termination  of  this 
fiber  suggests  that  this  structure  is  a  true  nerve  ending  and  not  an  “altered 
odontoblast  entrapped  in  the  dentinal  matrix”  as  suggested  by  Bernick.^  Fig. 

6  shows  nerve  filx‘rs  extending  from  the  pulp  into  the  dentin  and  forming  loops. 
In  Figs.  1  through  6  there  is  clear  differentiation  of  ner\’e  fibers  from  non¬ 
nervous  structures  such  as  the  odontoblasts,  dentinal  fibers  and  dentinal  tubules. 
PMgs.  7  and  8  represent  sections  taken  through  the  long  axis  of  a  human  pre¬ 
molar  showing  nerve  fibers  extending  in  the  dentin  and  predentin  zones.  It  is 
apparent  from  these  figures  that  nerve  fibers  are  not  within  the  dentinal  tubules 
as  stated  by  Herkelbaeh*  and  Tojoda,'®  but  between  the  tubules  within  the 
dentinal  tissue  itself.  This  observation  is  in  agreement  with  the  opinion  of 
Berniek^  that  nerve  fibers  do  not  lie  in  the  dentinal  tubules.  Along  tbe  nerve 
processes  many  varicosities  may  be  seen  as  these  proces.ses  continue  to  branch 
into  fine  filaments  (Fig.  12)  and  loops  (Fig.  6)  which  is  in  accordance  with  the 
findings  of  Tiegs'’  and  Wasserman.” 

With  Method  11  the  nerve  fibers  are  stained  a  deep  brown  to  black  against 
an  almo.st  colorless  baekgi*ound.  Fig.  11  shows  the  looping  of  ner\'e  fibers  with¬ 
in  the  predentin  of  the  crown  of  a  human  premolar.  These  loops  pass  from  the 
odontoblastic  layer  through  the  predentin  and  back  to  the  odontoblastic  laye** 
thus  confirming  the  observations  of  Berniek*  and  of  Wassennan.*  These  loops 
of  fibers  extend  along  the  sides  of  the  dentinal  tubules  and  may  pass  transversely 
to  the  tubules  and  parallel  with  the  odontobla.stic  layer  (Figs.  10  and  11).  It 
is  to  be  noted  that  the  same  type  of  branching  and  looping  of  nerve  fibers  in 
dentinal  tissue  surrounding  the  dentinal  tubules  may  be  obtained  with  Method 
II  (Figs.  9,  10  and  11)  as  in  Method  I  (Figs.  7  and  8).  Varicosities  are  prev¬ 
alent  on  the  nerve  proees.ses  with  Method  II  (Figs.  9  and  11). 

It  is  evident  that  the  use  of  both  methods  on  human  and  rat  teeth  will  give 
data  unobtainable  by  other  technicpies.  For  example,  the  Ungewitter’s  method’® 
gives  a  specific  stain  while  with  the  technique  of  Romanes’^  there  is  sufficient 
staining  of  nonnervous  tissue  for  accurate  orientation.  With  Romanes’s  pro¬ 
cedure  dentinal  fibers  are  stained  and  between  the  dentinal  tubules  are  nerve 
fibers  with  varicosities  forming  a  plexus.  With  the  Ungewitter’s  technique  the 
dentinal  tubules  are  faintly  stained,  if  at  all,  whereas  the  plexus  remains,  show¬ 
ing  that  it  is  truly  a  nervous  plexus.  ^lethod  I  and  ^lethod  II  give  excellent 
differentiation  of  the  sections  and  the  results  are  consistent. 


Fig.  7. — Section  through  a  human  bicuspid.  Method  I.  Portion  of  pulp  (p. )  with  trans¬ 
verse  section  of  ilarkly-stalned  dentinal  fibers  (d.f.)  within  dentinal  tubules  (d.f.).  Nerve 
fibers  (n.)  branching  In  the  <lentlnal  tissue  but  not  entering  dentinal  tubules. 

Fig.  8. — Section  through  a  human  bicuspid.  Metho<l  I.  Nerve  fibers  (n.)  In  dentinal 
tissue  among  the  transverse  sections  of  stained  dentinal  fibers  (d./. ).  Dentinal  tubules  (d.t.) 
show  faintly.  Note  varicosities  (v. )  on  the  nerve  fiber  and  calcified  globules  of  dentin  (pJ. ). 

Fig.  9. — Section  through  a  human  Incisor.  Method  II.  Section  shows  nerve  fiber  ( a. ) 
branching  In  predentin  and  dentin  In  apical  region.  Note  varicosity  (r. ).  Observe  that  nerve 
fibers  do  not  lie  within  dentinal  tubules  (d.f.). 

Fig.  10. — Section  through  a  human  bicuspid.  Method  II.  Section  shows  that  nerve  fibers 
(n.)  may  pass  obliquely  across  dentinal  tubules  (d.f.)  and  parallel  to  odontoblastic  layer  (od.l. 


mg.  12. 

Fig.  11. — L.ongitudinal  section  through  a  human  bicuspid.  Method  II.  Section  shows 
looping  of  nerve  flbers  (n. )  within  the  predentin  (pr.)  of  crown  of  tooth.  Note  dentinal  tubules 
(d.f. )  and  varicosity  (v.)  on  nerve  fiber  (n. ).  Od.  denotes  region  of  odontoblastic  layer. 

Fig.  12. — Longitudinal  section  through  molar  of  rat.  Method  I.  Section  shows  branching 
of  nerve  fibers  (n. )  within  the  pulp  (p.)  and  extending  toward  dentinal  tissue.  Note  vari¬ 
cosities  (v.)  on  nerve  processes. 
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There  have  been  several  authors  who  purported  to  demonstrate  an  abun¬ 
dance  of  nerve  fibers  in  the  dentin.  Many  of  these  (Tojoda,^®  Miinch/'  and 
Herkelbach’)  present  fi{?ures  showiiifr  what  they  call  nerve  fibers  within  the 
dentinal  tubules.  In  the  main  these  so-called  nerve  fibers  are  probably  artifacts. 
It  must  be  stressed  that  simply  because  a  structure  is  stained  with  silver  is  no 
proof  that  the  structure  is  a  nerve.  Silver  may  stain  nonnervous  structures 
rather  selectively  (Powers,  Rasmussen,  and  Clark*®).  Unless  the  structure  has 
the  morpholofry  of  a  nerve  filwr  the  possibility  of  nonspecific  staininj'  or  of  arti¬ 
fact  must  l>e  considered.  We  have  found  that  the  use  of  the  two  methods  "iven 
above  aided  interpretation,  for  with  the  first  method  there  was  sufficient  im¬ 
pregnation  of  nonnervous  structures  to  permit  orientation,  while  with  the  second 
one  the  differentiation  of  nerve  fibers  from  other  tis.sue  elements  was  certain. 
In  specimens  where  the  selectivity  of  the  stain  is  poor  and  where  precipitation 
artifacts  are  present  it  is  possible  that  a  nerve  fiber  mi»ht  appear  continuous 
with  a  Tomes’s  fiber.  The  structures  said  to  be  intratubular  nerve  fibers  shown 
in  Fi^.  5,  6,  7,  8  and  10  of  Tojoda’®  have  little  resemblance  to  nen’e  fibers  and 
are  })robably  exami)les  of  nonspecific  staining.  If  all  the  structures  shown  by 
Tojoda  in  thesQ  figures  were  nerve  fibers  the  dentin  would  have  a  "reater  number 
of  nerve  fibers  per  unit  volume  than  any  other  structure  outside  the  nervous 
system.  It  seems  quite  definite  that  the  fibers  entering  the  dentin  may  be  quite 
near  dentinal  tubules  (Fip.  1  and  also  Figs.  1  and  2  of  Tojoda)^®  but  in  these 
it  is  easily  seen  that  the  nerve  fibers  shown  are  not  intratubular.  In  our  own 
material  we  have  often  seen  fibers  near  tubules  but  have  never  seen  intratubular 
nerve  fibers.  However,  we  would  not  wish  to  say  that  all  dentinal  nerves  are 
extratubular  (i.e.,  not  present  in  dentinal  tubules)  but  rather  to  stress  that  with 
our  methods  we  have  never  seen  intratubular  ner\’e  fibere.  This  investigation 
is  being  continued  and  it  is  hoped  that  it  will  be  possible  to  present  more  definite 
evidence  in  the  near  future. 


SUMMARY 

The  use  of  the  Romanes**  and  the  IJngewitter*®  silver  nitrate  techniques  as 
necessarily  modified  for  the  demonstration  of  nerve  fibers  in  the  pulp  and  the 
dentin  of  adult  human  and  matured  rat  teeth  is  discussed.  In  spite  of  numerous 
statements  to  the  contrary  it  was  possible  to  demonstrate  that  there  are  nerve 
fibers  in  the  dentin  and  that  in  their  course  through  this  hard  tissue  the  fibers 
present  many  varicosities  and  that  they  may  terminate  in  so-called  nerve  end¬ 
ings.  This  report  is  tentative  and  further  Avork  is  in  process  to  determine  the 
full  extent  of  the  dentinal  plexus,  the  source  of  the  nerve  fibers,  and  the  question 
of  nerve  endings. 

The  author  is  grateful  to  Dr.  Ira  R.  Telford,  Department  of  Anatomy,  The  University 
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tion  is  extended  to  Miss  Fern  Fetters,  Mr.  Lawrence  Binder  and  Mr.  Brooks  Brady  of  the 
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FURTHER  EXPERIMENTS  WITH  INTACT  TEETH  PLACED  IN 
VARIOUS  BUFFER  SOLUTIONS 
JACOB  YARDEXI 

From  the  B.  Gottlieb  Dental  Polyclinic,  Ji  vusah  m,  Israel 

IN  A  recent  experiment,'  it  was  shown  that  the  loss  of  weight  of  intact  teeth 
placed  in  different  buffer  solutions  at  varying  pH  levels  did  not  increase 
linearly  with  the  time  of  exposure,  hut  followed  an  S-shaped  curve  (Figs,  la  and 
Ih).  The  nature  of  the  curve  prompted  further  experiments  using  a  greater 
number  of  teeth.  It  was  felt  that  the  initial  lag  i)eriod  was  so  important  clini¬ 
cally  that  a  repetition  along  these  lines,  with  the  weighing  of  specimens  at 
shorter  time  intervals,  would  he  desirable.  On  the  other  hand,  the  flattening 
of  the  curve  at  the  end  of  the  experiment  raised  certain  doubts  as  to  its  proper 
interpretation. 

The  i)rol)lem  of  decalcification  of  tooth  structure  by  acid  buffers  has  been 
studied  by  various  investigators.  Several  methods  are  available  for  measuring 
the  degree  of  dissolution.  It  is  probable  that  the  best  method,  although  it  is 
more  complicated  and  therefore  is  least  used,  would  be  microchemical  quantita¬ 
tive  determination  of  minerals  in  solution.  Karshan  and  Rosehury*  used  a 
simpler  approach,  determining  dissolved  P  at  each  time  level.  They  found 
that,  in  lactate  buffers,  Ca  values  are  about  twice  P  values.  With  regard  to 
the  anions,  Ericsson^  has  recently  stated  that  “the  molar  ratio  of  0.67  be¬ 
tween  phosphorus  and  calcium  dissolved  lies  near  the  P:Ca  ratio  found  for 
the  enamel’s  total  mass,”  and  ”in  buffered  slightly  acid  lujuids,  the  phosphate 
dis.solution  is  a  convenient  indicator.” 

The  method  generally  adopted  and  one  which  was,  for  the  most  part,  used 
by  us  is  the  gravimetric  method.  It  is  an  indirect  method  of  checking  weight 
losses  and  is  based  on  the  theory  that  the  acid  effect  is  proportional  to  loss 
of  weight.  The  same  method  was  recently  used  by  Scrivener,  Myer,  Moore,  and 
Warner.* 

EXPERIMENTAL  PROCEDURES 

Twenty  intact  teeth,  freshly  extracted  or  kept  in  stock,  were  cleaned  and 
washed  under  running  water,  and  then  dried  with  blotting  paper.  The  crowns 
of  six  of  these  teeth  were  severed  from  the  roots  and  the  dentin  removed  with 
burs.  The  weight  losses  of  the  hollow  enamel  caps,  thus  obtained,  and  of  the 
severed  roots  were  determined  separately.  Before  placing  them  in  the  various 
buffer  solutions  they  were  weighed  on  an  analytical  balance.  The  pH  values 
were  checked  with  the  aid  of  a  Hellige  pH  meter,  with  the  accuracy  of  0.1  to  0.02. 

In  addition,  powdered  enamel  and  dentin  were  used  in  our  experiment  for 
comparison.  They  were  prepared,  according  to  the  method  of  Manly  and 
Hodge,®  to  pass  a  200  mash  screen.  Their  weight  losses  were  determined  in 
filtering  glass  crucibles  (Fig.  2).  Powdered  enamel  was  dried  in  an  oven  at 

Kecelved  for  publication,  May  19,  1951 ;  revised  by  author,  Feb.  6,  1952. 
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120°  C.  for  a  half  an  hour,  cooled,  weighed,  and  placed  in  a  lactate  buffer 
solution  of  pH  4.85,  in  the  proportion  of  50  c.e.  to  each  0.500  Om.  of  powder. 
With  this  proportion  no  significant  deviation  from  the  original  pll  values  were 
observable.  It  was  then  filtered  at  intervals  of  24  hours,  washed  with  water 
in  the  crucible  under  suction,  dried  in  an  oven,  cooled,  and  weighed  again.  The 
experiments  were  carried  out  at  room  temperature. 


Fig.  lo  and  h. — nactate  buffer  series  at  room  temperature:  percentage  of  loss  of  weight  with 
relation  to  time.  The  di.ssolution  curve  has  sigmoid  form. 

The  weight  los.ses  were  recorded  and  plotted  in  relation  to  time,  each  point 
representing  three  readings.  The  demineralization  of  powdered  enamel  and 
dentin  appeared  to  follow  a  linear  course  (Fig.  3),  which  seems  to  be  the  rule 
for  homogeneous  structures.  Fig.  3  shows  that  enamel  is  more  resistant  to 
acids  than  dentin.  This  conclusion  from  an  experiment  in  vitro  has  corrobo¬ 
rated  the  histologic  evidence  that  caries  stops  before  an  hypercalcified  layer, 
or  at  least,  more  time  is  recpiired  for  acid  diffusion  to  take  place. 

DISCUSSION 

It  has  been  erroneously  postulated  that  the  more  mineralized  enamel  is 
more  liable  to  decalcification  than  dentin.  The  fact  is,  that  enamel  contains 
larger  apatite  crystallites,  is  more  compact  and,  therefore,  less  permeable  to 
the  acid  solution.  Evidently,  it  is  not  the  quality  of  the  mineral,  which  is  the 
same,  but  the  amount  of  organic  channels  and  the  different  size  of  the  apatite 
crystallites  which  they  both  contain.  According  to  Armstrong,®  those  in  dentin 
are  smaller  than  those  in  enamel,  and  hence  present  a  greater  surface  for 
adsorption. 

With  intact  teeth,  the  process  of  dissolution  does  not  proceed  at  a  constant 
rate,  but  shows  an  initial  lag  period,  the  initial  weight  loss  being  insignificant. 
This  was  checked  and  recorded  again  in  a  new  series  of  investigations  (Figs.  4 
and  5),  in  order  to  ascertain  the  minimum  time  for  decalcification  to  begin,  in 
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relation  to  a  fjiven  pH.  It  has  been  saicF  that  “the  time  that  the  aeid  must  be 
in  contact  with  the  tooth  in  order  to  produce  decaleification  is  not  known.” 
In  vivo,  it  depends  on  the  (|iiality  of  the  structure,  the  size  of  the  apatite  crystal¬ 
lites,  and  the  width  of  the  organic  channels  open  for  diffusion.  On  the  other 
hand,  the  (piality  of  the  saliva  undoubtedly  plays  an  imi>ortant  role.  Aceord- 
in*!  to  McKay  and  Will,®  some  mouths  cannot  buffer  cola  solutions  to  a  pH 
hifrlier  than  3.5  (marfjinal  for  erosion)  after  exposure  of  as  short  as  half  a 
minute. 


Glass 


Time  in  hours 
Fig.  3. 


Fig.  2. — Filtering  glass  crucible  attache<l  to  water  pump ;  powdered  enamel  series. 

Fig.  3. — Powdere<l  enamel  and  dentin  ;  percentage  of  loss  of  weight  in  relation  to  time. 
Demineralization  of  homogeneous  structures  follows  a  linear  course. 


Fi"s.  4  and  5  jtresent  the  results  of  a  study  of  the  initial  fraffinent  of  the 
S-curve,  where  the  rate  of  decalcification  was  checked  firavimetrieally  at  15  to 
30  minute  intervals.  This  experiment  sujrffests  that  if  a  pH  of  3.95  persists 
and  continuously  bathes  exposed  roots  in  the  mouth  for  fifteen  minutes,  a  loss 
of  weijfht  throufib  acid  erosion  of  0.1  jicr  cent  may  result.  This,  in  itself,  does 
not  constitute  actual  caries,  but  it  may  become  the  initial  link  effective  enoufih 
to  make  the  tooth  more  suscei)tible  to  bacterial  attack.  If  the  acid  attack  is 
slow  and  di.scontinuous  it  may  cause  formation  of  demarcation  bands,  the  well- 
established  layer  of  hyi)ercalcified  enamel  described  by  Mummery  and  others  as 
the  layer  of  transparent  enamel.  If  other  factors  are  absent  the  deealeifieation 
may  be  obliterated  and  the  surface  polished  l)y  efficient  mastication  and  physio¬ 
logical  tooth  friction.  Obliteration,  however,  is  rarely  possible  with  continued 
use  of  acid  beverages.  The  actual  j)!!  changes  in  a  susceptible  mouth  have  been 
graphically  illustrated  by  Hill  and  White.®  They  showed  that  in  the  short 
period  of  eight  minutes  the  pH  on  the  surface  of  the  tongue,  after  a  sucrose 
rinse,  dropped  to  4.6.  This  pH  i)ersisted  for  another  eight  minutes  and  then 
gradually  returned  to  normal.  The  j)!!  on  the  .surface  of  the  tongue  may  be 
indicative  of  the  pH  of  saliva  which  bathes  the  tooth  surface.  Stephan*®  de¬ 
termined  the  drop  of  pH  directly  on  the  film  covering  the  tooth  surface. 
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The  pH  of  the  placjue,  and  how  fast  it  is  buffered,  has  not  been  finally 
established  to  the  best  of  our  knowledfie.  In  addition,  there  is  no  real  evidenee 
to  state  that  the  saliva  buffers  would  not  be  equally  able  to  diffuse  into  the 
plaque. 

The  third  i)hase  of  the  S-shaped  curve  should  be  considered.  The  diminish¬ 
ing  rate  of  dis.solution  apparently  is  in  accordance  with  the  clinical  fact  that 
carious  enamel  is  more  resistant  to  acids.  AVhat  causes  the  gradual  flattening  of 
the  curve "?  Is  it  an  evidence  of  a  sudden  decrease  in  the  rate  of  decalcification, 
or  is  it  an  artifact  ?  It  is  well  known  that  the  gravimetric  method  is  an  indirect 
method.  Among  its  .shortcomings  are:  1)  a  precipitate  may  form  on  the  tooth, 
2)  there  may  be  a  reaction  of  the  enamel  and  dentin  proteins  with  the  compo¬ 
nents  of  the  buffer  solution,  3)  imbibition  of  the  specimen  increases  with  in¬ 
creased  demineralization  and  resulting  i)orosity,  4)  the  mineral  content  is  de- 
I)letcd,  or  b)  ])ossibly,  it  is  the  anions  which  determine  the  different  rate  of  solu¬ 
bility;  first  the  carbonates  readily  go  into  solution,  then  the  phosphates,  and 
finally  the  more  resistant  fluorides. 


Fig.  4.  Fig.  5. 

Figs.  4  and  5. — Uag  period  ;  lactate  buffer-s  at  room  tempajrature :  percentage  of  loss  of  weight  of 
hollow  enamel  caps  and  roots  checked  at  fifteen  to  thirty-minute  intervals. 


A  simple  ])reliminary  experiment  made  us  realize  the  possible  errors 
entailed  in  this  method  due  to  imbibition.  If  the  experiment  with  acid  buffers 
is  extended  long  enough  the  specimen  may  even  begin  to  increase  in  weight. 
If  a  tooth  is  immersed  in  a  weak  nitric  acid  solution  and  the  weight  checked 
every  fifteen  minutes  the  tooth  will  steadily  lose  weight  for  the  first  hour  or  so, 
becoming  soft  and  pliable.  Then  the  specimen  begins  to  gain  weight.  In  such 
a  case  the  only  plausible  exiilanation  seems  to  be  that  the  tooth  became  porous 
to  such  an  extent  that  the  imbibed  water  could  not  evaporate  under  the  con¬ 
ditions  of  the  exiieriment,  although  visible  precipitates  were  not  uncommon  in 
our  experiments. 
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SUMMARY 

A  "ravimetric  method  was  used  for  determination  of  loss  of  weight,  in 
relation  to  time,  of  intact  tooth,  or  powered  enamel  and  dentin,  and  of  enamel 
caps  and  roots  of  human  intact  teeth.  The  loss  of  weight  follows  an  S-shapcd 
curve. 

Enamel  caps  bathed  in  lactic  buffers  of  pH  3.95  for  15  minutes  at  room 
temperature,  lose  about  0.1  per  cent  of  their  weifihts.  At  higher  levels  of  pIT 
and  in  the  so-called  “lag  period,’'  the  initial  decalcification  is  almost  insignifi¬ 
cant.  If  the  acid  action  is  continuous,  or  at  a  lower  pH-level,  the  loss  of  weight 
gradually  increases,  the  curve  assuming  an  exponential  character. 

Dentin  is  less  resistant  to  decalcification  by  acids  on  account  of  its  greater 
permeability,  its  greater  number  of  organic  channels  and  the  smaller  size  of 
its  apatite  crystallites. 

The  gravimetric  method  with  air-dried  specimens  has  limited  use  since 
increased  imbibition  of  the  si)ecimen  through  continued  demineralization  may 
lead  to  false  determinations. 

Experiments  were  especially  designed  to  study  the  dissolution  rate  at  short 
time  intervals,  instead  of  days.  Such  study  was  considered  desirable,  as  it  more 
closely  approaches  the  clinical  occurrence  of  dissolution  of  tooth  structure  in 
the  oral  cavity. 

The  separation  of  enamel  and  dentin  and  the  establishment  of  a  different 
rate  of  their  solubility  was  given  special  consideration,  as  it  hears  on  our  evalu¬ 
ation  of  the  different  conceptions  of  the  mechanism  of  caries. 
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EAKI.V  IXPIXKNTE  OF  METIIYLCIIOLANTIIKENE  ON 
TKANSPLANTEI)  TOOTJI  (JEHMS:  A  IIISTOPATIIO(iENIC  STUDY 

H AHOLD  S.  FLEMING,  D.M.D.,  M.Hr. 

The  Dt parlmml  of  Palhology,  Yale  University  School  of  Mtdicini,  Xrtr  Haven,  Conn. 

IN  THE  course  of  recent  investigations  it  was  found  by  this  investifiatoF  that 
the  initial  cellular  attack  on  tooth  f?erms  of  mice,  homolo"ously  transplanted 
to  the  anterior  eye  chambers,  was  of  such  a  nature  that  growth  and  differentiation 
of  these  transi)lants  at  this  site  were  infrequent.  However,  at  other  sites  in  mice, 
in  the  eyes  and  brains  of  guinea  pigs,  and  in  the  eyes  of  rabbits  growth  and 
differentiation  of  transplanted  tooth  germs  were  usually  obtained.  The  behavior 
of  certain  tissues  is  altered  when  transplanted  with  carcinogens  of  a  known 
molecular  arrangement.-  It  is  felt  that  the  course  of  development  of  tooth  germs 
when  synchronously  transplanted  with  a  known  carcinogen  such  as  methylchol- 
anthrene  are  sufficiently  changed  and  of  sufficient  interest  to  warrant  a  report.  It 
is  the  purpose  of  this  paper  to  present  these  findings. 


M.\TERIAL  AND  AIETGODS 

The  axillae  of  mice  and  brains  of  guinea  pigs  were  selected  as  sites  for 
transplantation  becau.se  of  the  regular  development  of  tooth  germ  transplants  in 
these  places.  Tooth  germs  at  the  cap  stage  of  development  were  transplanted  with 
several  crystals  of  methylcholanthrene  to  the  brains  of  guinea  pigs  and  the 
axillae  of  mice.  Fourteen-day  dba  mice  embryos  and  20  day  guinea  pig  embryos 
supplied  the  tooth  germs.  Tooth  germs  were  aseptically  removed  from  the  jaws 
of  embryos  and  placed  in  sterile  covered  Petri  dishes  where  they  were  kept  moi.st 
with  sterile  normal  saline  until  used.  The  trocars  employed  for  transplantation 
were  specially  designed  and  ranged  in  size  from  No.  16  to  No.  20.  The  tissue  was 
impregnated  with  several  methylcholanthrene  crystals  after  it  was  loaded  in  the 
trocar.  Incisions  for  axillary  transfers  were  made  at  a  distance  from  the  trans¬ 
plantation  site  to  prevent  the  transplant  from  being  lost.  The  technique  of 
brain  transfers  has  been  previously  described  by  Greene.® 

Young  adult  dba  mice,  in  groups  of  oO  which  were  evenly  divided  as  to  sex, 
received  axillary  transplants  of  dba  tooth  germs  with  methylcholanthrene.  Five 
groups  of  mice  received  these  axillary  transplants  of  tooth  germs  with  methylchol¬ 
anthrene.  With  each  group,  about  20  additional  young  adult  dba  mice  received 
transplants  without  methylcholanthrene  and  served  as  controls.  In  groups  I  and 
II,  after  the  first  7  days,  several  mice  bearing  the  transplant  with  methycholan- 
threne  were  sacrificed  every  fifth  day  up  to  the  fifty-seventh  day  and,  at  the  same 
times,  control  mice  were  sacrificed.  In  the  remaining  groups  of  experiments  with 
mice,  at  least  50  days  elapsed  before  the  animals  were  sacrificed  and  the  trans- 
j)lants  recoven'd. 

This  study  was  made  possible  throuph  a  Rrant  from  the  National  Council  on  Dental 
Research  and  a  I'nited  States  Public  Health  post-doctorate  Fellowship. 

Received  for  publication,  March  31,  1952. 
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Guinea  pig  tooth  germs  were  synchronously  transplanted  with  several  crys¬ 
tals  of  methylcholanthrene  to  the  brains  of  guinea  pigs.  There  were  five  groups 
of  these  animals  receiving  brain  transfers  with  12  to  16  animals  comprising  each 
group.  With  each  group,  4  or  5  additional  animals  received  brain  transplants 
of  tooth  germs  without  methylcholanthrene  and  served  as  controls.  The  young 
adult  guinea  pigs  used  were  chosen  at  random  without  regard  to  sex.  These 
transfers  were  allowed  to  remain  in  place  for  at  least  60  days  l)efore  the  animals 
were  sacrificed  and  this  study  represents  findings  up  to  approximately  90  days. 

Animals  with  brain  transfer’s  were  sacrificed  in  chloroform  gas  ehamlrers  to 
minimize  brain  damage.  Animals  with  axillary  transfers  were  sacrificed  by 
cervical  dislocation.  Kecovered  transplants  were  fixed  in  10  per  cent  formalin 
solution  and  were  decalcified  in  an  ionic  bone  decalcifier  Irefore  sectioning.  Sec¬ 
tions  were  cut  at  5/*  and  stained  with  hemotoxylin  and  eosin. 

RESULTS 

Gross  Findings. — Transplants  made  with  methylcholanthrene  usually  at¬ 
tained  a  larger  size  than  those  made  without  this  carcinogen.  At  times  bits  of 
tooth  structure  and  spicules  of  Irone  were  found  in  recovered  transplants.  In  the 
axilla  transplants  with  methylcholanthrene  attained  a  size  of  from  2  to  5  mm.  in 
diameter,  sometimes  consisting  of  several  joined  lobules  of  cyst-like  .structures. 
In  the  brains  of  guinea  pigs,  tran.si)lants  made  with  methylcholanthrene  fre¬ 
quently  formed  several  joined  hard  nodules  from  I  to  2  mm.  in  diameter.  In 
mice,  ai)proximately  90  per  cent  of  the  transplants  made  with  methylcholanthrene 
were  recovered.  There  was  material  to  section  in  72  per  cent  of  the  guinea  pigs 
that  had  received  brain  transfers  with  this  chemical  agent.  The  sex  did  not  have 
any  apparent  effect  on  the  transplants.  However,  in  the  presence  of  methyl¬ 
cholanthrene  in  lactating  mice,  there  was  greater  breast  engorgement  and  duct 
proliferation  on  the  side  having  the  transfer. 

Microscopic. — Transplants  of  tooth  germs  made  without  methylcholanthrene 
formed  mature  tooth  structures.  Depending  on  their  activity  at  the  time  the 
transplants  were  recovered,  amelobla.sts  were  seen  in  various  stages  of  develop¬ 
ment  and  odontoblasts  were  usually  seen  in  a  normal  position  along  the  periphery 
of  the  pulp.  Axillary  transplants  made  without  methylcholanthrene  showed  a 
progressive  development  of  tooth  structures;  in  Fig.  2  which  represents  17  days 
development  in  the  axilla,  tooth  development  is  at  the  appo.sitional  stage.  Knamel 
and  dentin  matrices  have  been  laid  down,  but  have  not  yet  Immui  entirely  calcified 
and  l)oth  ameloblasts  and  odontoblasts  are  in  a  normal  ])attern. 

There  is  striking  difference  in  Fig.  3,  which  repre.sents  a  transplant  of  a 
tooth  germ  made  with  methylcholanthrene  crystals  and  carried  for  the  same 
length  of  time  as  in  Fig.  2.  Instead  of  tooth  .structures,  there  is  a  large  area  of 
newly  formed  keratin  which  is  surrounded  by  several  layers  of  epithelial  cells. 
The  nuclei  of  these  epithelial  cells  along  the  perii)hery  of  the  keratin  are  hyper- 
chromatic  and  pyknotic.  A  few’  of  the.se  cells,  in  the  process  of  being  keratinized, 
have  retained  their  distorted  nuclei.  The  intima  of  some  of  the  bl(M>d  ves.sels  ad¬ 
jacent  to  the  area  de.scribed  aimve  are  thickened.  Grouj^s  of  blood  ves.sels  in 
certain  areas  are  heavily  engorged  with  red  bUnxI  cells. 
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The  growth  of  a  tooth  germ  in  the  axilla  of  a  dha  mouse  for  32  days  is 
represented  in  Fig.  4.  There  is  dentin  formation,  and  enamel  crystals  are  seen 
in  the  cusp  area.  Ameloblasts  in  a  partially  keratinized  condition  lie  against  the 
crown  surface  of  this  tooth  structure  which  is  almost  completely  surrounded  by 
l)one.  Infiltrations  of  small  round  cells  arc  seen  in  several  places.  In  this  section, 
blood  vessels  are  not  engorged  with  red  blood  cells.  Lack  of  keratin  formation 
is  significant. 

Fig.  5  shows  the  recovered  transplant  of  a  tooth  germ  with  methylcholan- 
threne  after  32  days  in  the  axilla.  The  presence  of  this  chemical  agent  did  not 
always  prevent  the  formation  of  calcified  tooth  structures  but,  as  in  the  present 
instance,  it  seemed  to  have  its  greatest  effect  on  the  epithelial  tissues  of  the  tooth 
germ.  This  .section  is  interesting  because  it  shows  the  relation  of  the  outer 
epithelial  layer  of  the  enamel  organ  to  dentin  under  induced  degenerative  condi¬ 
tions.  Irregular  keratin  formation  lies  between  the  dentin  and  this  outer  epi¬ 
thelial  layer  which  has  become  thickened.  Along  the  inner  portion  of  this  layer, 
most  of  which  is  forming  keratin,  small  whorls  of  cells  are  seen.  Keratohyaline 
granules  are  seen  in  some  of  thc.se  cells,  de-differentiating  to  form  keratin.  In 
places,  the  outer  layer  of  this  epithelium  is  columnar  and  some  of  these  cells 
appear  to  be  undergoing  vacuolar  degeneration.  Nuclei  of  these  cells  vary  in 
size  and  appear  to  have  ac(}uired  aggressive  characteristics  because  they  seem  to 
be  infiltrating  ad.jacent  muscle  tissue. 

Fig.  6  is  .shown  because  it  presents  ameloblasts  undergoing  vacuolar  de¬ 
generation.  This  section  represents  a  part  of  a  tooth  germ  transplanted  to  the 
axilla  of  a  dba  mouse  with  methylcholanthrenc  and  recovered  after  50  days.  The 
effect  of  the  chemical  agent  in  this  case  was  not  as  great  as  in  other  instances,  but 
it  shows  how  the  cells  of  the  stratum  intermedium  move  aw’ay  from  the  amelo¬ 
blasts  when  the  latter  undergo  degenerative  changes.  Thrombosed  blood  vc.s.scls 
are  seen  in  the  remains  of  the  enamel  pulp.  The  cells  of  the  stratum  intermedium 
have  moved  away  from  the  ameloblasts  in  cords  or  chains  and  have  obliterated  the 
stellate  reticulum  of  the  enamel  pulp. 

The  recovered  transplant  of  a  tooth  germ  after  57  days  in  the  axilla  with 
methylcholanthrene  is  illustrated  in  IMg.  7  and  represents  a  frequent  finding  in 
these  experiments.  I.^sually  in  these  instances  there  are  3  or  4  joined  areas  which 
are  lined  with  epithelium.  One  or  2  of  these  areas  may  have  wavy  keratinized 
material  and  an  occasional  fragment  of  tooth  structure.  These  latter  areas  repre- 
.sent  the  epithelial  remains  of  transplanted  tooth  germs.  Some  of  the  epithelial 
cells  bordering  these  areas  have  retained  a  semblance  of  their  previous  pallisaded 


A — Ameloblast.s 
Art. — Artifact 
R — Hone 

HV — Klood  Vessel 

Hr. — Brain 

Cart. — Cartilape 

CT — Connective  Tissue 

Cy.  D. — Cystic  Degeneration 

Cy. — Cyst 


Key  to  Symiwls 

Cyt. — Cytoplasm  extruded 
D — Dentin 

D.  ep. — Degenerated  Epi¬ 
thelium 
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Ep. — Epithelium 
Ep.  C. — Epithelial  Cells 
KA — Keratinizing  Amelo- 
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Tg — Tooth  germ 
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SI — Stratum  Intermedium 
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Fig-.  1. — Cross  section  of  heail  of  14  ilay  dba  embryo  through  molar  tooth  germs.  Origi¬ 
nal  magniflcation  X140. 

Fig.  2. — Section  of  molar  tooth  after  17  clays  in  axilla  of  male  dba.  Anlage  obtained 
from  14  day  dba  embryo.  Original  magniflcation  XI 00. 

Fig.  3. — Section  of  molar  tooth  after  17  days  in  axilla  of  male  dba  with  methylcholan- 
threne.  Anlage  from  14  day  embryo.  Original  magniflc*ation  X95. 

Fig.  4. — Section  of  molar  tooth  after  32  days  in  axilla  of  female  dba.  Anlage  from 
14  day  embryo.  Original  magniflcation  XI 75. 

(For  key  to  symbols,  see  opposite  page.) 


FLEMING 


Kiff.  5. — Cross  section  of  molar  tooth  from  14  day  embryo  after  32  days  with  methyl- 
cholanthrene  in  the  axilla  of  a  female  dba  mouse.  Original  maRniflcation  X240. 

Fig.  6. — Ameloblasts  from  aniage  of  14  day  embryo  after  50  days  with  methylcholan- 
threne  in  axilla  of  a  dba  female.  Original  magniflcation  X525. 

Fig.  7. — Recovered  transplant  of  dba  too*h  germ  from  14  day  embryo  after  57  days  with 
methyicnolanthrene  in  a  female  <tba.  Oiiginal  magniflcation  XI 65. 

Fig.  8. — Cross  section  of  a  tooth  in  axilla  of  a  male  ilba  after  57  days.  Aniage  from 
14  day  embryo.  Original  magniflcation  XI 90. 

(For  key  to  symbols,  see  page  400.) 
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Fig.  9. — Section  of  recovered  tran.splant  of  tooth  germ  from  14  day  embryo  after  65  days 
with  methylcholanthrene  in  axilla  of  <lba  male.  Original  magnification  X220. 

Fig.  10. — Higher  power  of  Fig.  9.  Original  magnification  X400. 

'  Fig.  11. — Tooth  germ  from  20  day  guinea  pig  embryo.  Original  magnification  Xl30. 

Fig.  12. — Odontoblasts  and  osteodentin  after  65  days  in  female  guinea  pig's  brain  with 
methyicholanthrene.  Original  magnification  XI 90. 

(For  key  to  symbols,  see  page  400.) 
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arrangement.  The  nuclei  of  the.se  cells  vary  in  si/e  and  are  hypcrehromatic  and 
pyknotic.  Amelobla.sts  at  the  end  of  their  life  cycle  and  undergoing  keratiniza- 
tion  appear  to  be  lying  against  a  fragment  of  enamel. 

The  57  day  growth  of  a  tooth  germ  in  the  axilla  of  a  dba  mouse  is  repre.sented 
in  Fig.  8.  Dentin  and  enamel  are  present. 

The  section  shown  in  Fig.  9  represents  an  axillary  tran.splant  of  a  tooth 
germ  made  with  methyleholanthrene  and  recovered  after  65  days.  Examination 
of  serial  sections  of  this  recovered  transplant  revealed  dentin,  but  no  enamel 
formation.  Adjacent  to  this  dentin  formation  are  clumps  and  cords  of  epithelial 
cells.  Several  of  the  larger  areas  appear  to  Ixi  undergoing  central  degeneration 
or  necrosis.  Nearby  bone  appears  infiltrated  by  some  of  these  epithelial  cells, 
thus  giving  a  i)icture  similar  to  that  seen  in  Fig.  5  and  found  in  other  instances 
in  this  study.  The  cells  of  the  outer  enamel  epithelium  of  the  enamel  organ,  in 
the  presence  of  methyleholanthrene  seem  to  assume  aggressive  characteristics 
when  they  become  disa.s.sociated  with  tooth  development.  Fig.  10  represents  a 
higher  magnification  of  an  island  of  epithelial  cells  seen  in  the  previous  illustra¬ 
tion. 

Fig.  11  repre.sents  a  control  for  guinea  pigs  being  a  tooth  germ  from  a  20 
day  embryo.  Tooth  germs  from  other  embryos  of  this  litter  were  transplanted 
and  are  represented  in  some  of  the  succeeding  illustrations. 

Fig.  12  shows  the  recovered  growth  of  a  tooth  germ  grown  in  the  brain  of  a 
guinea  pig  with  methyleholanthrene  for  65  days.  Epithelial  remains  of  the 
tooth  germ  are  repre.sented  by  the  large  area  of  keratin  l)ordered  by  .several 
layers  of  epithelial  cells.  An  area  of  osteodentin  is  seen  in  this  picture  with 
o<lontoblasts  arranged  in  a  regular  fashion  along  one  side.  Because  of  degenera- 
ti\e  changes  these  odontoblasts  have  assumed  an  appearance  like  osteoblasts. 
The  Tomes’  fibers  appear  broken  off  or  missing  in  most  of  these  cells.  Other 
odontoblasts  are  scattered  in  the  remains  of  the  pulpal  area.  The  cytoplasm  of 
these  cells,  especially  those  bordering  the  osteodentin  formation,  has  a  granular 
appearance  and  these  cell  walls  lack  definite  Iwundarie.s.  Several  included  cells 
are  in  the  osteotlentin.  A  higher  magnification  of  an  area  of  these  odontoblasts 
is  .seen  in  Fig.  13. 

In  Fig.  14  the  transformation  of  ameloblasts  into  keratin  is  seen.  This 
section  represents  the  recovered  transplant  of  a  guinea  ])ig  tooth  germ  from  a 
20  day  embryo  which  was  transplanted  to  the  brain  of  a  guinea  pig  with  several 
crystals  of  methyleholanthrene.  The  transplant  was  recovered  upon  sacrificing 
the  host  after  65  days.  Through  the  center  of  this  picture  there  are  many 
ameloblasts  in  various  stages  of  dyskeratosis.  As  the.se  cells  become  keratinized, 
their  cell  w'alls  or  cuticular  bordei*s  thicken  as  their  cytoplasm  decreases.  The 
nuclei  of  the.se  cells  usually  are  extruded,  but  many  are  retained  along  the  periph¬ 
ery  of  the  keratinized  area.  During  this  jirocess  these  cells  seem  to  1h‘  very 
elastic  for  they  elongate  and  adhere  to  adjacent  cells  thus  making  long  .strands 
of  keratin.  As  the  amount  of  cytoi)lasm  becomes  smaller,  these  cells  change  in 
staining  reaction  from  basoj)hilic  to  eosi!H)philic.  The  nuclei  also  take  a  heavy 
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basophilic  stain  at  first,  but  later  this  becomes  very  faint.  With  completion  of 
keratinization  the  staining  reaction  of  the  cuticular  remains  is  much  lighter. 
Fig.  15  shows  a  higher  magnification  of  Fig.  14. 

Fig.  16  shows  the  recovered  transplant  of  a  tooth  germ  after  73  days  with 
methylcholanthrene  in  the  brain  of  a  guinea  pig.  In  the  center  of  this  picture 
there  are  several  di.screte  nodules  of  keratin.  This  section  presents  various 
combinations  of  calcified  and  uncalcified  tooth  structures  with  keratin,  epithelial, 
and  mesenchymal  cells.  In  the  center  of  this  picture  there  is  a  large  area  of 
homogeneous  hemotoxylin  stained  material  which  appears  to  be  the  ground 
substance  of  very  young  enamel.  This  is  further  emphasized  because  some  of 
this  area  is  cut  to  show  cross  .sections  of  Tome’s  proce.sses.  Along  the  periphery 
of  this  area,  numbers  of  ameloblasts  are  in  the  process  of  forming  keratin. 

Long  thin  particles  of  calcified  tooth  structure  are  seen  in  the  upper  part  of  this 
picture.  Mitotic  figures  are  .seen  among  nests  of  epithelial  cells. 

Fig.  17  represents  the  recovered  transplant  of  a  tooth  germ  after  90  days 
with  methylcholanthrene  in  the  brain  of  a  guinea  pig.  Remaining  cells  of  the 
outer  epithelial  layer  of  the  enamel  organ  are  participating  in  the  formation  of 
keratin.  Some  of  these  cells  are  still  arranged  in  a  columnar  fashion  while 
others  appear  to  be  infiltrating  adjacent  brain  tissue. 

Fig.  18  represents  a  transplant  of  a  tooth  germ  to  the  brain  of  a  guinea  pig 
without  methylcholanthrene  after  80  days. 

DISCUSSION 

(Irowth  and  differentiation  of  tooth  germs  transplanted  with  methyl  cho- 
lanthrene  ai)peared  considerably  retarded  and  altered.  The  toxic  effect  of  this 
chemical  agent  appeared  to  be  manife.sted  in  varying  degrees  during  the  initial 
weeks,  but,  over  longer  periods,  there  was  no  great  variance  between  recovered 
transplants.  Karly  variations  may  have  been  due  to  differences  in  contact  be¬ 
tween  the  methylcholanthrene  crystals  and  the  transplants.  According  to  Page,^ 
at  times  when  methylcholanthrene  was  applied  to  the  skin  of  mice  marked 
effects  were  observed  as  early  as  7  days  with  increase  in  nuclear  size  and  cell 
layers.  In  the  })resent  experiments,  similar  effects  on  the  outer  enamel  epithe¬ 
lium  were  observed  in  12  days,  by  17  days  in  many  ca.ses,  and  the  outer  enamel 
epithelium  had  de-differentiated  into  layers  6  to  8  cells  deep.  Page^  stated  that 
this  chemical  agent  increased  the  amount  of  cornification  of  the  skin  but  did  not 
induce  an  inflammatory  reaction.  Recently,  Firminger  and  Stewart'  reported 
that  crystalline  methylcholanthnme  cau.sed  an  acute  inflammatory  reaction  at 
the  injection  sites  in  the  submuco.sa  of  the  forestomachs  of  mice.  The  pre.sent 
experiments  support  the  latter  investigators  observations,  particularly  on  the 
point  of  inflammation;  for  in  axillary  transplants  in  mice,  neutroflls,  cell  debris, 
and  necrotic  material  were  identified  in  cystlike  areas  where  phagocytosis  of 
fragments  of  methylcholanthrene  was  taking  place.  Later,  the  presence  of 
plasma  cells  and  round  cells,  in  .some  of  these  cases,  indicated  a  chronic  in¬ 
flammatory  reaction. 

The  initial  effects  resulting  from  the  presence  of  methylcholanthrene  ap¬ 
peared  to  be  on  the  blood  supply  to  the  transplant.  Ves.sels  supplying  the 
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Fis:.  13. — Higher  power  of  Fig.  12.  Original  magnification  X630. 

Fig.  14. — Ameloblasts  in  brain  of  male  guinea  pig  after  65  days  with  methylcholanthrene. 
Anlage  from  20  day  embryo.  Original  magnification  X300. 

Fig.  15. — Higher  power  of  Fig.  14.  Original  magnification  X630. 

Fig.  16. — Transplant  in  brain  of  male  guinea  pig  after  73  days  with  methylcholanthrene. 
Anlage  from  20  day  embryo.  Original  ma^iflcation  X80. 
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transplant  would  often  appear  heavily  engorged  with  blood  and  the  intima  of 
some  were  thickened  so  that  the  flow  of  blood  must  have  been  retarded.  In 
addition,  the  blood  supply  was  further  restricted  by  the  plugging  or  thromlmsing 
of  the  luniina  of  other  small  vessels.  It  is  probable,  that  these  conditions  either 
prevented  development  of  tooth  structures  entirely  or  kept  them  at  a  minimum, 
for  at  no  time  was  the  complete  development  of  tooth  germs  observed  in  the 
presence  of  methyleholanthrene.  Presumably,  the  brain’s  higher  vascularity  in 
comparison  to  the  axilla’s  may  have  been  responsible  for  a  lack  of  enamel  forma¬ 
tion  at  the  latter  site.  Wasserman'*  observed  that  amelogenesis  greatly  increases 
the  demand  for  fluids  by  the  enamel  organ.  Previously  Addison  and  Appleton* 
reported  that  the  number  of  blood  ve.ssels  increase  and  penetrate  through  the 
stellate  reticulum  of  the  enamel  pulp  to  the  cells  of  the  stratum  intermedium. 
Thus  the  restricting  of  the  blood  supply  would  have  its  greatest  effect  on  tlie 
cells  of  the  inner  enamel  epithelium. 

The  consistent  presence  of  keratin  or  keratinous  material  in  these  experi¬ 
ments  has  an  important  significance.  Chase®  made  observations  on  the  origin 
and  structure  of  Nasmyth’s  membrane,  finding  that  cells  of  both  the  inner  and 
outer  epithelial  layei-s  participated  in  forming  this  cuticle.  The  present  experi¬ 
ments  confirm  the  previous  investigators  findings  and  also  clarifies  some  addi¬ 
tional  points  on  keratinization.  OrbaiP  stated  that  when  enamel  has  been  com¬ 
pletely  developed,  ameloblasts  can  no  longer  be  distinguished  from  the  cells  of 
the  stratum  intermedium  for  at  this  time  they  become  s(piamous  in  appearance 
and  form  a  thin  continuous  layer  over  the  entire  enamel  surface.  The  present 
study  brought  out  that  these  cells  need  not  assume  a  squamous  appearance  in 
order  to  form  this  keratinous  substance.  At  certain  stages  during  their  life 
cycle,  ameloblasts  have  an  inherent  dual  functional  capacity  in  that  thej’  may 
form  enamel  and  subsequently  form  a  keratin-like  material  from  the  cell  rem¬ 
nants.  Whether  enamel  is  formed  or  not  the  euticular  parts  of  the  cell  will 
always  form  keratin.  Since  the  ground  .substance  of  enamel  is  formed  in  the 
c^ioplasm  of  the  cell  and  keratin  comes  from  the  euticular  walls,  a  rapid  loss  of 
cytoplasm  due  to  the  indirect  effects  of  methyleholanthrene  may  not  allow  the 
cell  to  assume  a  squamous  appearance.  During  keratinization  Chase®  stated  that 
the  euticular  walls  of  the  ameloblasts  thickened  as  their  cytoplasm  deereR.sed 
and  their  shrunken  nuclei  stained  more  deeply.  In  these  experiments,  keratini¬ 
zation  api)eared  to  take  place  so  rapidly  that  nuclei  were  often  retained  in  the 
keratin  and  gave  the  appearance  of  “ghost  nuclei,”  because  of  their  faint  stain¬ 
ing  reaction.  In  the  present  study  the  cytoplasm  of  ameloblasts  appeared  baso¬ 
philic  while  the  limiting  membranes  of  the  cells  were  eosinophilic  in  staining 
reaction.  Therefore,  as  the  cytoplasm  was  lost,  a  transition  in  staining  reaction 
from  basophilic  to  eosinophilic  seemed  to  take  place.  These  observations  of 
staining  reactions  of  ameloblasts  in  the  present  study  are  not  in  agreement  with 
Chase’s’®  later  findings,  who  stated  that  the  interprismatic  substance  was  baso¬ 
philic  in  reaction  and  the  substance  of  the  prisms  was  eosinophilic.  Some  of 
Chase’s®  work  on  the  transition  of  ameloblasts  from  columnar  cells  to  flattened 
s(iuamous  cells  was  corroborated  by  Anderson.”  In  addition  to  Orban’.s"  and 
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the  above  investigators  findings,  the  present  study  brought  out  that  the  kerati¬ 
nous  material  formed  from  Tome’s  processes  of  individual  ameloblasts  appeared 
to  have  both  an  elastic  and  adhesive  quality.  As  a  result,  strands  of  keratin  be¬ 
came  greatly  elongated  and  adhered  to  each  other  in  multilayon'd  curved  or 
wavy  formations.  The  elasticity  of  keratin  is  explained  by  Bell,  Davidson,  and 
Scarlwrough.^-  They  state  that  the  main  characteristic  of  keratin  is  elasticity, 
due  to  the  ability  of  molecular  chains  to  fold  and  unfold;  thus,  tins  fibrous 
scleroprotein  is  ideal  for  structural  purposes.  Since,  as  Urban’*  states,  dis¬ 
cussion  is  still  active  concerning  the  interrod  substance  cementing  the  enamel 
prisms  together,  the  findings  in  the  i)resent  study  have  added  significance  for 
they  demonstrate  the  elasticity  and  adhesiveness  of  the  cuticular  walls  of  amelo- 


Fig.  17. — Transplant  of  tooth  gernj  after  73  days  with  niethylcholanthrene  in  the  brain 
of  a  female  guinea  pig.  Original  magnification  X315. 

Fig.  18. — Transpiant  of  tooth  germ  from  30  day  embryo  after  80  days  in  the  brain  of  a 
femaie  guinea  pig.  Original  magnification  X260. 

blasts.  It  is  therefore  possible,  since  each  enamel  rod  proceeds  outward  from  the 
dentino-enamel  junction  to  the  tooth  surface,  that  this  cuticle  helps  cement  the 
rods  together  as  it  .stretches  for  the  length  of  each  enamel  prism.  Furthermore, 
it  may  also  explain  AVas-serman’s”  findings  in  that  he  stated  Tomes  proces.ses 
spread  out  in  a  fan  shape  crossing  and  intermingling  with  neighlioring  jiroe- 
esses  to  form  columns  of  the  prismatic  substance  of  enamel.  Thus,  it  is  jmssible 
that  due  to  excessive  .stretching  the  cuticular  walls  might  rupture  near  the 
dentino-enamel  junction  and  thus  the  ground  substance  of  the  enamel  ro<ls 
might  appear  to  overlap  or  fuse  with  one  another. 

AVolbach  and  Ilowe’’*  and  Boyle’^  reported  on  the  effect  of  Vitamin  A  de¬ 
ficiency  and  ascorbic  acid  deficiency  in  rats  and  guinea  pigs.  They  found  that 
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those  dietary  deficiencies  i)rodueed  a  loss  of  j)olarity  and  atrophy  of  odontoblasts. 
As  a  result,  modified  dentin  was  formed  with  atrophic  included  cells  in  the 
matrix.  In  previous  experiments  dealing  with  the  transplantation  of  tooth 
germs’  it  was  found  that  under  certain  (*onditions,  changi's  in  the  odontoblasts 
similar  to  those  described  above  took  place.  In  the  present  study,  dentin  formed 
more  fre(iuently  than  enamel  and  it  is  reasonable  to  conclude  that  methylcholan- 
threne  had  a  more  toxic  effect  on  the  epithelial  components  of  the  tooth  germ 
than  on  its  mesenchymal  counterj)art. 

According  to  Cramer  and  Stowell’®  the  carcinogenic  i)roperty  of  a  hydro¬ 
carbon  depends  on  its  ability  to  inflict  ti.ssue  injury  of  a  specific  kind  leading  to 
the  formation  of  a  .substance  in  the  skin  that  induces  epithelial  ])roliferation. 
The  rate  of  epithelial  proliferation,  howevei’,  in  the  i)r(>sence  of  a  carcinogen  is 
not  increased  above  that  occasioned  by  other  forms  of  injury,  according  to 
Howes.’®  In  addition  to  the  above  observations,  Firminger  and  Stewart"’  noted 
focal  proliferations  of  basal  cells  17  days  following  injection.  In  view  of  the 
above  observations  the  activity  of  the  peripheral  cells  of  the  outer  enamel 
epithelium  may  be  explained.  Furthermore,  it  has  been  previously  shown  that 
both  the  cells  of  the  stratum  intermedium  and  the  outer  enamel  epithelium  show 
irregular  proliferation  when  ameloblasts  degenerate.”  These  peripheral  ejiithe- 
lial  cells  frequently  appeared  to  assume  aggre.ssive  characteristics  in  that  they 
infiltrated  adjacent  structures.  Thus  in  the  axilla,  muscle,  aud  near-by  bone 
(that  accompanied  the  transplant)  was  infiltrated  and  in  intracerebral  trans¬ 
plants  these  cells  began  to  penetrate  adjacent  brain  tissue.  The  failure  of  amelo¬ 
blasts  to  differentiate  in  the  presence  of  methylcholanthrene  and  withdrawal  of 
cells  from  the  stratum  intermedium  has  an  important  bearing  on  the  histoi)a- 
thology  of  enamel  hypoplasia.  It  appears  that  some  of  the  cells  associated  with 
amelogenesis,  the  cells  of  the  stratum  intermedium,  can  alter  their  jmtentiality 
or  fate  when  the  develoi)ment  of  ameloblasts  is  inhibited.  It  is  therefore  possible 
the  location  of  these  cells,  or  the  site  where  they  are  to  function,  has  an  im¬ 
portant  bearing  on  their  ultimate  disposition. 


SU.MM.VRY 

1.  Growth  and  differentiation  of  tooth  germ.s,  when  transplant»‘d  with 
methylcholanthrene  are  retarded. 

2.  The  presence*  of  methylcholanthrene  seemed  to  have  a  greater  effect  on 
the  epithelial  cells  of  the  tooth  germ  than  on  the  mesenchymal  cells. 

3.  Keratin  formation  is  generally  pre.sent  arising  from  Imth  the  inner 
(ameloblastic)  and  outer  enamel  epithelium. 

4.  Under  these  conditions  peripheral  cells  of  the  outer  enamel  epithelium 
show  aggressive  characteristics  and  may  invade  adjacent  structures. 

5.  The  cells  of  the  stratum  int<‘rmedium  move  away  from  the  basal  side  of 
the  ameloblasts  in  chains  or  cords. 
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THK  KFFKCT  OF  ALTERATIONS  OF  THE  FACIAL  MUSCULATURE 
ON  THE  FACIAL  SKELETON  AND  DENTAL  ARCH  FORM 
OF  THE  RAT 

A  Prklimixary  Sti  dy 

SIDXP:Y  L.  HOROWITZ,  AND  HARRY  H.  SHAPIRO 

Hesearch  Division,  School  of  Dental  and  Oral  Surfiery  of  the  Faculty  of  Medicine,  and 
Department  of  Anatomy,  College  of  Physicians  and  Surgeons, 

Columbia  Vnirersity,  New  York,  N.  Y. 

Orthodontists,  on  the  basis  of  clinieal  observations,  have  long  felt  that 
the  facial  musculature  i)lays  an  important  role  in  the  establishment  of 
alveolar  arch  form  and  dental  occlusion.  The  influence  of  the  buecal  and  labial 
muscles  in  determining  the  direction  of  alveolar  growth  and  the  eruption  of 
the  teeth  has  been  discussed  by  Brodie,*  and  the  clinical  significance  of  the 
lips  and  cheeks  has  been  noted  by  him  and  others.^  For  many  years  myofunc¬ 
tional  therapy  has  been  used  in  orthodontic  treatment  as  a  means  of  altering 
unfavorable  patterns  of  muscle  function.® 

There  has  been  little  experimental  evidence  reported  concerning  the  effect 
of  the  facial  musculature  upon  the  bony  architecture  of  the  face  and  alveolar 
arches.  Washburn*  produced  asymmetries  in  the  nasal  and  maxillary  bones 
of  rats  and  rabbits  by  unilateral  sectioning  of  the  seventh  nerve;  this  procedure, 
of  course,  was  not  designed  to  study  the  effect  of  individual  muscles  upon  the 
bony  skeleton,  but  rather  the  effects  of  total  unilateral  paralysis  of  the  facial 
mu.scles. 

The  intertwining  and  decussation  of  the  oral  musculature  interfere  with 
evaluation  of  these  .structures  as  individual  units.  In  this  preliminary  study 
we  have  endeavored  to  overcome  this  obstacle  by  altering  the  function  of  various 
components  of  the  oral  musculature  in  order  to  evaluate  effects  of  such  pro¬ 
cedures  on  the  developing  facial  skeleton. 


MATRRI.VLS  AND  METHODS 

Thirty  Sherman  strain  rats  were  used  in  this  study;  these  were  divided 
into  six  groups,  a  total  of  18  serving  as  experimental  animals;  the  remaining 
littermates  .served  as  controls.  Portions  of  the  lips  and  cheeks  were  dissected 
away  under  ether  anesthesia,  when  the  animals  were  about  30  days  old  atid 
weighed  approximately  40  grams.  Recovery  was  uneventful.  Six  different 
types  of  operations  were  performed:  (A)  The  buccinator  muscle  was  removed 
unilaterally  from  the  corner  of  the  lip  to  the  anterior  margin  of  the  masseter 
mu.scle;  (B)  the  buccinator  was  removed  bilaterally;  (C)  the  superior  portion 
of  the  orbicularis  oris  muscle  was  removed  (the  corners  of  the  lips  were  not 
included);  (D)  the  inferior  portion  of  the  orbicularis  oris  was  removed,  the 
corners  of  the  lip  remaining  intact;  (E)  the  superior  and  inferior  portions  of 
the  orbicularis  oris  were  removed  unilaterally;  (F)  the  entire  orbieularis  oris 
was  removed. 


Read  by  title  at  the  30th  (Jeneral  Meeting  of  tiie  International 
Research,  Colorado  Springs,  Colorado,  March  21-23,  1952. 

Received  for  publication,  March  19,  1952. 
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Operated  and  control  animals  were  sacrificed  at  about  the  age  of  4i/^ 
months,  subjected  to  gross  examination,  and  the  skulls  macerated,  cleared,  and 
dried.  A  series  of  measurments,  to  the  nearest  0.1  mm.  was  obtained  from  the 
dried  skulls  with  a  finely  pointed  divider  and  Boli  Gauge.  Various  dimensions 
were  recorded  for  both  the  operated  and  control  animals:  1)  superior  cranial 
length— from,  the  anterior  margin  of  the  nasal  bones  to  the  posterior  lambdoidal 
.suture  in  the  midline;  2)  superior  cranial  width — the  greatest  distance  between 
the  lateral  surfaces  of  the  parietal  bones;  3)  length  of  the  skull  base — from  the 
most  anterior  point  on  the  premaxillary  suture  to  the  most  posterior  and  inferior 
point  on  the  occipital  bone  in  the  midline;  4)  ixilate  length — from  the  most 
anterior  point  on  the  premaxillary  suture  to  the  most  posterior  point  on  the 
palatine  suture;  5)  palate  width — the  distance  between  the  posterior  occlusal 
fossae  of  the  right  and  left  second  maxillary  molar  teeth;  6)  zygomatic  width — 
the  greatest  distance  between  the  lateral  surfaces  of  the  zygomatic  bones;  7) 
length  and  width  of  the  nasal  bones — in  their  greatest  length  and  width;  8) 
length  of  the  maxillary  diastema — from  the  most  anterior  point  on  the  pre¬ 
maxillary  suture  to  the  most  prominent  point  on  the  anterior  surface  of  the 
first  maxillary  molar  tooth;  9)  length  of  the  mandibular  diastema- — from  the 
most  prominent  point  on  the  first  mandibular  molar  tooth  to  a  point  on  the 
lingual  .surface  of  the  alveolar  process  at  the  level  of  inf radentale ;  10)  man¬ 
dibular  length — from  the  most  posterior  point  on  the  condylar  head  to  a  point 
on  the  lingual  surface  of  the  alveolar  process  at  the  level  of  inf  radentale. 

OBSERVATIONS 

Gross  examination  of  the  operated  animals  prior  to  maceration  disclosed 
no  apparent  changes.  Measurements  were  made  upon  the  cleared,  dried  skulls, 
and  the  data  evaluated.  The  mean  values  and  their  standard  deviations  were 
calculated  for  all  of  the  measurements  obtained  from  the  twelve  control  animals. 
Mean  values  alone  were  used  to  represent  the  measurements  of  each  group  of 
three  operated  animals.  When  the  average  measurement  of  a  dimension  for  a 
group  of  experimental  animals  differed  from  the  mean  value  of  that  measure¬ 
ment  for  the  control  group  by  five  times  the  standard  deviation  the  change  was 
considered  significant,  allowing  for  less  than  a  0.1  of  1  per  cent  probability 
that  such  change  could  have  occurred  by  chance  variation  alone.  It  was  felt 
that  the  small  sample  of  operated  animals  in  any  one  group  precluded  accept¬ 
ance  of  findings  which  differed  by  less  than  five  times  the  standard  deviation 
as  an  indication  that  a  significant  change  had  occurred. 

Analysis  of  our  data  reveals  no  appreciable  difference  between  any  of  the 
operated  groups  and  the  control  animals  in  measurements  of  the  superior  cranial 
length,  superior  cranial  width,  length  of  the  skull  base,  zygomatic  width,  palate 
length,  palate  width,  and  mandibular  length.  Significant  changes,  however, 
were  noted  in  the  premaxillary  area  and  in  the  nasal  bones  of  animals  in  experi¬ 
mental  Group  F,  in  which  the  entire  orbicularis  oris  muscle  had  been  removed. 
The  three  animals  in  this  group  pre.sented  evidence  of  a  significant  reduction 
in  the  dimensions  of  the  nasal  bones.  The  average  nasal  width  was  5.6  ±  0.1 
mm.  in  the  control  animals;  the  average  value  for  this  dimension  for  Group  F 
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was  4.6  mm.  In  the  control  group  the  mean  nasal  bone  length  was  17.8  ±  0.4 
mm. ;  the  average  for  Group  F  was  15.8  mm.  In  both  cases  the  changes  noted 
differ  by  at  least  five  times  the  standard  deviation.  The  average  length  of  the 
nasal  bones  in  the  other  five  operated  categories  closely  approximated  the  mean 
value  of  the  control  group.  In  Groups  D  and  E  the  average  width  of  the  nasal 
bones  differed  from  the  control  value  by  about  three  times  the  standard  devia¬ 
tion.  Smaller  differences  were  noted  for  Groups  A,  B,  and  C.  These  findings 
are  summarized  in  Fig.  1. 


A  BO 

Fig.  1. — Histogram  representing  average  measurements  of  simiiiar  areas  of  the  skulls 
in  experimental  and  control  animals.  The  solid  columns  represent  the  normal  control  group 
(He);  the  diagonally  crossed  columns  represent  signifleant  findings;  the  letters  from  A-F 
repre.sent  the  groups  of  experimental  animals.  A,  nasal  bone  length ;  B,  nasal  bone  width ; 
C,  length  of  the  maxillary  diastema. 

A  reduction  in  the  length  of  the  maxillary  diastema  was  also  found  in 
Group  F  animals.  In  the  control  group  the  mean  value  of  this  dimension  was 
15.6  ±  0.2  mm.;  the  average  for  the  three  animals  in  Group  F  was  14.5  mm., 
a  significantly  different  value.  Average  measurements  of  this  dimension  in 
the  other  five  operated  groups  agreed  closely  with  the  mean  value  of  the  control 
group. 

A  reduction  in  the  average  length  of  the  mandibular  diastema  was  also 
noted  in  Group  F  animals,  as  compared  with  the  controls,  but  the  change  was 
of  the  order  of  four  times  the  standard  deviation  for  that  measurement  (Con¬ 
trols,  7.0  ±  0,1  mm.;  Group  F,  6.6  mni.).  This  change  may  be  regarded  of 
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questionable  signifieance.  There  were  no  appreciable  differences  between  any 
of  the  other  operated  groups  and  the  control  animals  in  measurements  of  this 
dimension. 


DISCUSSION 

(If  the  various  operations  performed  in  this  experimental  study,  the  com¬ 
plete  removal  of  the  orbicularis  oris  muscle  in  one-month-old  rats  resulted  in 
a  reduction  in  the  snout  area,  the  only  skeletal  alterations  of  significance  in 
the  matured  animats.  This  operation  (Type  F)  affected  several  muscles  asso¬ 
ciated  with  the  orbicularis  oris;  the  M.  levator  lahii  superioris,  M.  zygomaticus, 
^I.  buccinator  and  ^I.  platysma.  All  are  superficial  muscles  which  intertwine 
with  orbicularis  oris,  itself  a  poorly  defined  muscle  in  the  rat.® 

The  changes  noted  were  confined  primarily  to  the  bones  of  the  nasal  and 
premaxillary  areas,  while  a  somewhat  less  important  change  occurred  in  the 
area  of  the  mandibular  dia.stema.  The  findings  indicate  that  the  levator  labii 
superioris  and  buccinator  are  the  muscles  most  affected  by  the  Type  F  opera¬ 
tion,  the  platysma  less  so,  and  the  zygomaticus  very  little,  if  at  all. 

Although  alteration  of  the  function  of  these  delicate  muscles  was  sufficient 
to  produce  significant  changes  in  the  dimensions  of  the  alveolar  arches  and 
nasal  bones  as  compared  with  littermate  controls,  no  comparable  effect  on  other 
.skeletal  dimensions  studied  could  be  ascertained.  Our  findings  suggest  that 
the  nasal  and  premaxillary  areas  of  the  rat’s  facial  skeleton  are  particularly 
responsive  to  changes  in  the  function  of  the  overlying  facial  musculature  during 
the  early  stages  of  postnatal  growth. 

SUMM.\RY 

1.  Portions  of  the  lips  and- cheeks  were  removed  in  a  numlier  of  1-month- 
old  rats. 

2.  A  series  of  measurements  of  various  .skeletal  dimensions  was  made  on 
the  dried  skulls  following  sacrifice  of  the  experimental  and  control  groups  at 
about  four  and  one-half  months  of  age. 

3.  Those  animals  in  which  the  entire  orbicularis  oris  muscle  had  been 
removed  showed  evidence  of  reduction  in  the  dimensions  of  the  nasal  bones  and 
premaxillary  area  as  compared  with  the  normal  control  group. 
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A  KAPII)  RADIOAUTOGRAPHIC  TECHNIQUE  FOR  COMBINED 
CALCIFIED  AND  SOFT  TISSUES 

HOWARD  M.  MYERS,  D.D.S.,  ELIZABETH  JENNINGS,  M.S.,  AND 
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From  the  Div'.sion  of  Dental  Medicine,  College  of  Dentistry,  and  the  George  Williams  Hooper 
Foundation  for  Medical  Research,  I'nirersity  of  California,  San  Francisco,  Calif. 

ALTHOU(iH  the  fiiNt  radioautofrraphs  were  made  almost  60  years  ago’®  the 
use  of  this  technique  has  not  kept  pace  with  the  more  quantitative  methods 
of  tracer  study.  In  spite  of  many  rejmrts  which  have  untilized  newer  concepts 
of  photography  and  biology**  •’  ®  radioautographs  have  remained  a  some¬ 
what  imperfect  tool.  On  the  other  hand,  the  modern  day  emphasis  on  histo¬ 
chemistry  has  caused  many  to  turn  hopefully  again  to  the  possibility  of  visual¬ 
izing  the  location  of  radioactive  elements  in  tissue.  It  is  generally  felt  that  the 
l)roblems  inherent  in  radioautography  can  best  be  solved  by  fitting  them  to  the 
recpiirements  of  each  experiment. 

An  analysis  of  the  problems  of  obtaining  satisfactory  radioautographs  with 
Ca^®,  P®^,  Sr*^®,  and  other  shorter  lived  isotopes  such  as  F’®  presented  three  main 
difficulties.  The  first  and  most  formidable  was  the  short  half  life  of  one  of  the 
isotopes  to  be  used  (112  min.  F'®).  This  necessitated  developing  a  technique 
which  would  reduce  the  time  consumed  between  obtaining  the  sample  and  plac¬ 
ing  the  section  against  the  film  to  one  hour  or  less.  The  procedures  employed 
by  Axelrod^-  ®  and  Arnold’  are  too  time  consuming  to  be  of  any  use  in  this  prob¬ 
lem.  The  same  also  applies  to  the  use  of  methacrylates  as  described  by 
Puckett”,  Siognnaes,  Shaw,  Solomon  and  Harvold’®  and  Hall  and  Irving®.  Fur¬ 
thermore,  partial  polymerization  of  methyl  methacrylate  is  too  exacting,  time 
consuming,  and  expensive  to  give  it  widespread  use.  Smooth,  flat  sections  are 
a  requisite  of  good  radioautograi)hy  and  the  usual  tearing  and  distorting  of  the 
soft  tissues  in  a  ground  section  might  prove  burdensome  if  not  eliminated. 
Finally,  it  is  difficult  to  determine  which  points  on  the  original  ground  section 
correspond  to  the  blackened  areas  on  the  radioautographs.  One  po.s.sibility 
which  i)resents  itself  is  the  concurrent  use  of  a  roentgenogram  and  radioauto- 
grai)h  of  the  undecalcified  .section.  With  these  considerations  in  mind,  the  fol¬ 
lowing  objectives  were  established: 

The  development  of  a  rapid  method  of  fixing,  dehydrating,  and  embedding 
of  specimens  consisting  of  soft  and  hard  tissues  to  enable  radioautographs  to 
be  made  with  short-lived  isotopes.  No  reagents  could  be  employed  capable  of 
causing  a  marked  shifting  of  the  metabolites  to  be  studied.  Furthermore,  the 
technique  generally  used  (that  of  obtaining  undecalcified  sections  which  were 
smooth  and  flat  enough  to  be  placed  directly  against  a  photographic  emulsion 
for  the  purpose  of  obtaining  radioautographs)  had  to  be  improved.  Also  a 
better  means  of  orienting  the  betagraph  and  the  section  was  highly  desirable. 

Ai<le<l  by  grant.s  from  the  Office  of  Naval  Research  (ONR  29522  and  ONR  29539)  and  the 
Atomic  lOnerjfy  Commission  ( AT-(  1 1-1  )-34 ),  Washington,  D.  C. 
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The  attainment  of  these  technical  objectives  can  best  be  divided  into  three 
steps : 

1.  Fixing  and  dehydrating. 

2.  Embedding  and  polymerization. 

3.  Sectioning  and  radioautographs. 

In  order  to  provide  time  for  the  initial  polymerization  0.4  mm.  sheet  lead 
is  molded  into  an  open  box  which  is  one  and  a  half  times  larger  than  the  spec¬ 
imen.  The  floor  of  the  box  is  coated  with  a  thin  layer  of  resin  which  is  pol¬ 
ymerized.  This  allows  the  specimen  to  be  covered  by  resin  on  all  sides. 

Fixing  and  Dehydrating. — Fixing  and  dehydrating  are  obtained  with 
dioxan.’”’  This  intro<luces  an  unavoidable  amount  of  leeching  and  trans¬ 
positioning  of  the  lipoid  soluble  fraction  of  phosphorus.  A  total  of  10  times 
the  volume  of  the  specimens  is  used.  The  length  of  time  for  fixing  and  de¬ 
hydrating  varies  with  the  size  and  nature  of  the  material.  Periods  of  12  hours 
to  1  week  have  given  satisfactory  results.  When  smaller  volumes  of  dioxan 
are  u.sed,  5  or  6  changes  become  neces.sary.  Prior  to  embedding,  the  tissues  are 
dried  in  an  incubator  at  50°  C.  to  remove  the  dioxan.* 

Embedding  and  Polymerization. — In  the  search  for  an  adequate  embedding 
material  we  were  directed  to  R-250  Astrolite.t  This  is  a  polyester  type  resin 
which  is  available  as  the  partially  polymerized  syrup  with  a  shelf  life  of  1  year 
when  kept  in  a  cool  dark  place.  Final  polymerization  is  attained  by  using  the 
proper  number  of  drops  of  the  accompanying  peroxide  catalyst.  The  number  of 
drops  added  depends  on  the  thickness  and  total  volume  of  the  material  to  be 
used.  For  molds  2  inches  thick,  2  drops  per  5  c.c.  may  be  used,  while  for  1  inch 
molds  4  drops  per  50  c.c.  of  plastic  are  indicated.  The  difference  here  is  due  to 
the  poor  heat  conduction  of  the  material.  Thicker  samples  receive  less  accelera¬ 
tor  in  order  to  reduce  the  detrimental  effects  of  the  exothermic  reaction  which 
occurs.  The  peroxide  catalyst  and  resin  must  be  thoroughly  mixed  by  stirring 
following  which  air  bubbles  are  permitted  to  rise  for  a  few  minutes.  The  lead 
1k)x  containing  the  specimen  is  filled  with  plastic  and  placed  in  a  heavy  glass 
desiccator  which  is  connected  with  a  Duo  Seal  vacuum  pump.  A  vacuum  of 
27  to  28  inches  of  Hg  is  produced  and  maintained  for  5  minutes,  then  broken. 
This  process  is  repeated  until  no  air  bubbles  are  seen  to  rise  from  the  specimen 
as  the  vacuum  is  increased. 

For  isotopes  with  half  lives  greater  than  1  day  the  polymerization  process 
is  facilitated  by  placing  the  mold  in  an  oven  at  80  to  90°  C.  for  8  to  10  minutes. 
Allowing  the  mold  to  .stand  at  room  temperature  overnight  completes  the  solidi¬ 
fication.  At  this  point  the  lead  sheeting  may  be  stripped  away  and  set  aside 
for  reuse.  The  block  now  has  a  leathery  consistency  and  a  sticky  surface.  This 
is  eliminated  by  a  case-hardening  process  which  consists  of  placing  the  block 
in  an  oven  at  110°  C.  for  10  to  30  minutes.  Since  this  procedure  takes  approxi¬ 
mately  24  hours,  which  is  too  long  for  work  with  short-lived  radioisotopes,  a  more 
rapid  method  of  polymerization  had  to  be  developed.  For  this  purpose  one  droj) 

•Since  the  work  with  F"  has  been  limited  to  intact  teeth,  flxin)?.  and  dehydrating  were 
not  necessary. 

tFrom  the  Industrial  Plastics  Service,  Oakland,  Calif. 
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of  one  more  catalyst,  a  metallic  accelerator,*  was  added  to  the  previously  mixed 
resin  and  peroxide  catalyst.  This  is  then  placed  in  an  oven  of  60°  C.  and  poly¬ 
merization  occurs  in  about  15  to  20  minutes.  The  specimen  is  ready  for  section¬ 
ing  approximately  30  minutes  after  the  start  of  operation.  The  metallic  ac¬ 
celerator  and  peroxide  catalyst  should  not  be  mixed  directly  with  each  other 
as  a  danger  of  spontaneous  combustion  exists. 


Fig.  1. — Modifled  Delta  Surface  Grinder  used  to  obtain  smooth  flat  ground  sections  of 
uniform  thickness.  The  specimen  in  block  of  plastic  is  clamped  in  vise  (E).  Vertical 
depth  of  cut  is  controlled  by  vertical  feed  mechanism  at  (A)  and  micrometer  tilting  device  at 
(B).  Thickness  of  section  is  governed  by  traverse  feed  control  (G)  which  moves  specimen 
in  forward  and  back  direction.  Longitudinal  feed  control  (F)  carries  block  in  right  and  left 
direction  from  cutting  wheel  (D).  Throughout  operation  coolant  flows  through  tubing  (C) 
to  be  sprayed  against  wheel.  Reflected  spray  is  collected  in  splash  tray  (H)  from  which  it 
is  returned  to  pump  near  floor  to  continue  cycle.  Not  shown  is  transparent  oiled  silk  curtain 
used  to  eliminate  upward  and  lateral  spray  from  wheel. 


Sectioning  and  Hadioautographs. — The  sectioning  of  the  block  is  done  with 
a  Delta  Surface  (xrinder  (Fig.  1)  modified  to  receive  a  7  inch  diameter  erystolon 
wheel  of  0.525  mm.  thickness.  A  two  step  pully  permits  speeds  of  3200  or  4200 
r.p.m.  A  pumping  and  collecting  device  is  attached  to  the  machine  to  provide 
a  steady  stream  of  soluble  oil  and  water  while  cutting.  Contamination  from  the 
spray  is  kept  dowm  with  a  piece  of  oiled  silk  arranged  in  the  manner  of  a  shower 


•Available  from  Industrial  Plastics  Service,  Oakland,  California. 
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curtain.  Sections  are  obtained  from  this  machine  with  a  smooth,  flat  surface, 
the  soft  tissue  showing  no  tearing  or  distortion.  Section  thickness  depends  on 
the  length  and  depth  of  the  cut.  Sagittal  sections  of  a  skinned  rat  head,  for  in¬ 
stance,  can  he  consistently  cut  at  a  thickness  of  700  microns.  Thinner  sections 
can  be  cut  of  specimens  of  smaller  size.  Uniformity  of  thickness  and  smooth¬ 
ness  of  the  cut  surface  are  of  considerable  value  in  the  combined  radioauto¬ 
graphic  and  roentgenographic  techniques. 


Kig.  2. — A  combined  radioautograph  and  roentgenogram  of  a  sagittal  section  of  a  rat 
head  made  with  Ca'**.  The  dark  black  areas  represent  the  site  of  the  radioactive  element  while 
the  radiopaque  portion  represents  the  roentgenographic  shadow  of  those  portions  of  the 
specimen  which  have  taken  up  no  Ca‘*. 

The  ‘sA^Jons  are  then  glued  on  a  piece  of  paper  and  placed  against  the 
film  in  a  film  box,  the  corners  of  which  are  reinforced  with  photographic  tape. 
Ulose  adaptation  of  the  section  to  the  film  is  secured  by  filling  the  space  of  the 
l)ox  with  sponge  rubber  of  sufficient  thickness  to  give  resistance  to  closing.  Flat¬ 
ness  and  uniform  thickness  of  the  sections  are  important  for  good  adaptation. 
No  pressure  or  chemical  effects  on  the  emulsion  have  been  observed.  The  closed 
box  is  kept  together  by  heavy  rubber  bands  and  any  potential  light  leaks  are 
covered  with  photographic  tape.  Exposure  time  is  calculated  from  the  chart 
of  Wainwright,  Anderson,  Hammor  and  Lehman'®  or  by  the  method  of  Hamilton 
and  Axelrod.^  Activity  estimates  are  made  on  a  Tracerlab' autoscaler  with  a 


Fig.  3. — F'"  radioautograph  and  roentgenogram  of  a  cross  section  through  the  crown  of  a 

human  premolar. 

one  inch  diameter  bell-shaped  Oeiger  tube.  Window  thickness  is  2  mg.  per 
square  centimeter.  For  long  exposure  times  the  box  is  refrigerated  to  reduce 
the  fading  of  the  latent  image.*’  Industrial  Type  A  x-ray  film  is  used  which 

has  optimal  sensitivity  to  both  the  beta  rays  from  the  section  and  the  x-rays 
which  orient  the  effect  of  the  beta  rays. 
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Immediately  prior  to  develojiiiifr,  the  entire  unit  is  fjiven  an  exposure  of  2  ]da 
of  x-rays  for  1  and  one  (piarter  seconds.’*  The  radioautofrrai)h  can  then  he 
studied  in  its  relation  to  an  outline  I’oentfrenoffram  (Fi{;  2).  This  is  of  eon- 
siderahle  aid  in  evaluatiiif;  the  hetafframs  as  it  avoids  having;  to  use  separate 
films  for  eimiparison.  lUiek’s  X-ray  I)evelo])er  is  employed  for  5  minutes  and 
thr  film  is  fixed  with  Ka.stman  Fixer  and  Kepleni.sher  for  a  minimum  of  twice 
the  develoinufr  time. 

A  roentf;enog:ram  and  F’*  radioautofrraph  of  a  cross  section  throufjh  the 
crown  of  a  human  j)remolar  is  shown  in  Fijr.  3.  The  F’*  can  he  identified  by 
the  blackened  areas  at  the  periphery  of  the  enamel.  A  portion  of  the  occlusal 
enamel  is  present  in  this  section  and  may  be  seen  through  the  dentin.  The  black 
dots  represent  the  F'*  accumulated  in  the  pits  of  the  occlusal  surface. 


SUM.M.\RY 

The  de.scription  of  a  rapid  fixation-dehydration  and  embeddiii"  method 
has  been  fjiven  which  can  be  employed  to  obtain  very  satisfactory  combined 
radioautofrraphs  and  roentfjenoprrams  from  sections  of  soft  and  hard  tis.sues. 

Some  modifications  of  previous  techniques  have  been  developed  which  re¬ 
quire  minimal  amounts  of  time  with  the  view  of  applying;  them  to  studies  with 
short-lived  radioisotopes. 
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THE  (M)MPAKATIVE  EFFECTS  OF  PEXKMLLIX,  BACITRACIX, 
CIIEOKOMYCETIX,  ACKEOMYCIX,  AXl)  STKEPTOMYCIX  OX 
EXPEHIMEXTAL  DEXTAL  CARIES  AXI)  OX  (’ERTAIX  ORAL 
BACTERIA  IX  THE  RAT 

KOIiEKT  M.  STEPHAN,  ROBERT  .T.  FITZGERALD,  F.  J.  MrCLURE, 

M.  RACHEL  HARRIS,  AND  HAROLD  JORDAN 

Sationol  Institute  of  Dental  Restareh,  Xational  Institutes  of  Iltalth,  Publie  Health 
Service,  Federal  Security  A(j<ncy,  Betiusda  14,  Md. 

PREVIOUS  studies  have  indieated  that  the  development  of  dental  earies  in 
white  rats'*^  and  in  hamsters’  is  si^nifleantly  inhibited  by  penieillin.  Other 
experiments  have  shown  an  inhibitory  eflfeet  of  aureomycin  but  no  inhibitory 
effeet  of  tyrothriein.®  The  elinieal  studies  of  Hill  and  Kniesner*  failed  to  show 
any  earies  reduction  in  children  from  the  unsurpervised  use  of  a  penieillin  denti¬ 
frice  whereas  the  clinical  study  of  Zander'  indieated  that  a  significant  reduction 
in  caries  activity  occurred  in  children  using  a  penieillin  dentifrice  under  super¬ 
vision  at  school. 

In  white  rats  McClure  and  Hewitt*  found  the  oral  laetobacillus  counts  to  Im* 
markedly  reduced  by  penicillin  added  to  the  drinking  water  and  diet.  On  the 
other  hand,  Fitzgerald,  Zander,  and  dordaiC  found  no  significant  reduction  of 
salivary  laetobacillus  counts  in  children  using  a  penicillin  dentifrice  for  18  or  24 
months. 

^Yhile  the  effectiveness  of  the  antibiotics  in  reducing  the  development  of 
caries  is  probably  related  to  their  antibacterial  action,  there  is  as  yet  no  clear-cut 
evidence  relating  changes  in  the  oral  microflora  to  caries  inhibition  by  these 
agents.  It  seemed  desirable,  therefore,  to  study  several  antibiotics  which  have 
different  antibacterial  spectra  for  their  ability  to  prevent  experimental  earies  in 
rats,  and  at  the  same  time  to  follow  the  changes  in  selected  groups  of  the  oral 
haeteria  of  the  animals.  The  antibiotics  selected  included  penieillin  and  baci¬ 
tracin  which  chiefly  inhibit  gram-positive  bacteria,  and  streptomycin,  aureomycin, 
and  Chloromycetin  which  inhibit  in  varying  degrees  Imth  gram  positive  and  gram 
negative  microorganisms. 

MATKRI.VUS  .\ND  METHODS 

The  plan  of  the  experiments  was  as  follows.  Littermate  rats  were  evenly 
distributed  into  control  and  test  groui)s.  Twenty-four  rats  representing  24  dif¬ 
ferent  litters  were  placed  in  each  group.  Because  of  limitations  in  the  size  of 
litters,  the  experiments  were  divided  into  two  parts;  the  first  part  tested  the 
effects  of  aureomycin  and  penicillin,  while  the  second  part  tested  the  effects  of 
Chloromycetin,  streptomycin,  and  bacitracin.  The  rats,  all  females,  were  of  the 
Sprague-Dawley  strain,  20  to  22  days  old,  taken  at  weaning  from  the  XI H  stock 
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colony.  This  stock  colony  is  fed  Purina  Laboratory  Chow,  kale  leaves,  and  water 
ad  libitum.  Each  animal  was  kept  on  the  experiment  in  individual  screened 
bottom  cages.  Food  and  water  consumption  were  ad  libitum. 

The  basal  diet  to  which  the  antibiotics  were  added  was  as  follows: 


(DIET  585) 

Dried  whole  milk  powder  30% 

Yellow  hominy  corn  grits  (Quaker)  42% 

Cane  sugar — granulated  25% 

Whole  dried  liver  substance  (Wilson)  2% 

Salt  Mixture*  1% 


*SaIt  Mixture: 

Nad  400  parts 

KCl  400  parts 

MgCOj  100  parts 

Ferric  Ammonium  Citrate,  Krown,  USP  20  parts 

Mang:anese  Sulfate  •  4H2O  28  parts 

CaHPO*  50  parts 

Cupric  Acetate  •  HsO  2  parts 


Total  1000  parts 


The  salts  were  mixed  and  ground  to  fine  powder  (with  mortar  and  pestle).  In  addition, 
raw  carrots  were  given  one  day  a  week. 

This  diet  was  initially  selected  from  several  diets  which  were  tested  in 
auxanographic  culture  plate  experiments  because  it  best  supported  the  growth 
of  acidogenic  oral  bacteria.  Also,  in  previous  experiments  with  rats  it  had  proved 
highly  cariogenic,  i.e.,  out  of  150  rats  fed  this  diet  149  developed  severe  occlusal 
fissure  caries.  In  the  pre.sent  experiments  this  diet  produced  caries  in  100  per 
cent  of  the  control  animals. 


The  experimental  diets  containing  the  retpiired  amounts  of  the  different 
antibiotics  were  prepared  semi-weekly.  The  quantities  of  antibiotics  per  100 
grams  of  food  were  as  follows : 


Na  Penicillin-G 

Bacitracin 

Aureomycin-HCl 

Chloromycetin  ( chloramphenicol ) 

Streptomycin-  CaCl- 


50,000  units  per  100  grams 
5,000  units  per  100  grams 
50,000  micrograms  per  100  grams 
50,000  micrograms  per  100  grams 
50,000  micrograms  per  100  grams 


All  diets  were  kept  in  cold  storage. 

Prior  to  starting  the  experiment,  microbiologic  as.says  .showed  that  excepting 
the  penicillin  diet,  all  the  antibiotic  diets  remained  stable  after  standing  in  the 
food  cups  for  at  least  one  week.  The  penicillin  diet  gradually  deteriorated  after 
standing  72  hours.  This  latter  diet  was  renewed,  therefore,  every  48  hours  where¬ 
as  all  the  other  diets  were  renewed  every  2-3  days  as  required. 


Bacteriologie  studies  of  the  oral  flora  were  made  before  and  during  the 
course  of  the  experiment.  The  rats  were  fasted  overnight  prior  to  the.se  studies. 

Acces.sible  molar  tooth  surfaces  were  swabbed  with  a  sterile  cotton-tipped 
stick  which  was  cut  off  into  a  sputum  bottle  containing  10  ml.  of  a  0.05  per  cent 
aqueous  yeast  extract.  The  bottles  were  then  allowed  to  stand  in  a  cold  room 
for  two  hours.  Dilutions  for  plate  counts  were  made  after  the  bottles  had  been 
shaken  for  two  minutes  on  a  shaking  machine. 


Lactobacillus  plate  counts  were  made  on  the  specific  lactobacillus  medium  of 
Rogosa®  and  on  pH  5.0  tomato  juice  agar  to  which  had  been  added  20  jug.  poly¬ 
myxin  sulfate  per  milliliter  to  inhibit  gram-negative  bacteria.  Streptococcal 
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counts  were  made  in  erystal  violet  azide  ajjar  eontaininj;  5  per  eent  defibrinated 
sheep  blood.  Coliforms  were  counted  on  eosin-inethylene  blue  agar.  All  plates 
were  incubated  aerobically  at  37°  C. 

At  the  end  of  approximately  122  days  the  animals  were  .sacrificed,  the  heads 
autoclaved  and  cleaned  of  soft  tissues.  The  molar  teeth  were  examined  micro¬ 
scopically  at  magnifications  of  lOx  and  30x  using  a  sharp  dental  explorer  and 
bright  illumination.  Independent  examinations  were  made  by  two  of  the  authors 
after  which  agreement  was  reached  on  a  common  diagnosis.  The  teeth  were  also 
scored  according  to  the  systems  of  Cox,  Dodds,  Dixon,  and  Matuschak.^® 

EFFECT  OF  ANTIBIOTICS  ON  SEVERITY  OF  DENTAL  CARIES  IN  RATS 
(GRAPHIC  COMPARISON  OF  CARIES  SCORES) 

CARIES  SCORE  (GROUP  AVERAGE) 

0  10  20  30  40 


Control 

Aureomycin 
50.000  X 
Penicillin 
50,000  units  X 

Control 

Streptomycin 
50,000  fiqX 

Chloromycetin 
50,000  /ig  X 
Bocitrocin 
5,000  units  X 

FiK.  1. 

RESULTS 

Effect  of  Antibiotics  on  Dental  Caries. — The  essential  data  relative  to  the 
effect  of  the  antibiotics  on  caries  in  these  rats  are  given  in  Table  I.  The  relative 
effects  of  the  different  antibiotics  upon  the  extent  of  the  caries  (caries  score)  is 
also  shown  graphically  in  Fig.  1. 

The  reduction  in  caries  brought  almut  by  the  various  antibiotics  is  evident 
in  (1)  the  per  cent  of  rats  which  developed  caries  (2)  the  number  of  teeth  whieh 
became  carious  and  (3)  the  caries  score  (whieh  attempts  to  evaluate  the  extent 
of  each  carious  lesion).  By  all  of  these  eriteria,  penicillin  showed  the  greatest 
inhibitory  effect.  Bacitracin  was  next  in  order  of  effectiveness,  aureomycin  and 
Chloromycetin  produced  about  equal  inhibitory  effects,  while  streptomycin  pro- 
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ducod  the  smallest  reduction  in  caries.  While  all  of  the  rats  given  streptomycin 
developed  caries,  the  severity  of  the  caries  (caries  score)  was  only  about  half  as 
great  as  the  caries  which  developed  in  the  control  animals. 

During  the  course  of  scoring  the  teeth  for  caries,  it  was  observed  that  many 
animals  in  the  antibiotic  groups  showed  some  fracturing  of  the  enamel  on  the 
occlusal  cusps  without  visible  evidence  of  caries  in  the  occlusal  fissures.  On  the 
other  hand,  in  the  control  groups  similar  fractures  were  generally  associated  with 
definite  evidence  of  caries  deeper  in  the  occlusal  fissures. 


Table  I 

The  Effect  of  Antibiotics  in  a  Cariogenic  Diet 


GROrP 

A 

1  »  1 

c 

AA 

1  » 

1  K 

1 

Antibiotifs  in  diet 

None 

aurco- 

invciii 

Peni¬ 

cillin 

None 

Baci¬ 

tracin 

Chloro¬ 

mycetin 

[Strep¬ 

tomycin 

No.  animals  surviving 
experiment 

2.3 

23 

24 

24 

23 

23 

22 

Initial  weight  of  animals 
— average  ( grams ) 

31 

31 

32 

32 

30 

32 

31 

Final  weight  of  animals 
— average  ( grams ) 

203 

220 

214 

220 

213 

208 

202 

Estimated  average  daily 
food  consumption  per 
rat  (grams) 

10.1 

11.1 

10.1 

10.9 

9.1 

9.7 

9.9 

Estimated  average  daily 
antibiotic  consumption 
per  rat 

5550 

Mg. 

5060 

units 

456 

units 

4830 

Mg. 

4970 

Mg. 

No.  of  rats  with  caries 

23 

21 

4 

24 

14 

22 

22 

Per  cent  of  rats  with 
caries 

100 

91 

17 

100 

61 

96 

100 

Total  No.  carious  tcetli 
per  group 

125 

65 

14 

118 

41 

67 

76 

No.  carious  teeth  per  rat 
(average) 

5.4 

2.8 

0.6 

4.9 

1.8 

2.9 

3.5 

Per  cent  reduction  in  No. 
carious  teeth  (com¬ 
pared  with  respective 
control) 

48 

89 

64 

41 

30 

Average  carious  score 
per  carious  rat 

37.4 

9.8 

7.6 

36.0 

7.8 

9.6 

17.6 

Average  carious  score 
per  rat  per  group 

37.4 

9.0 

1.3 

36.0 

4.7 

9.2 

17.6 

Per  cent  reduction  in 
carious  score  compared 
c  control 

76% 

96.5% 

87% 

74% 

517c 

A  summary  of  the  bacteriologic  data  is  presented  in  Table  II.  In  this  table 
the  counts  done  on  individual  rats  are  expressed  in  group  averages.  Lactobacillus 
and  coliform  counts  were  made  on  all  the  animals  at  the  start,  at  about  the  middle 
(50  days),  and  just  before  the  end  of  the  experiment  (110  days).  Streptococcus 
counts  were  made  at  the  start  and  after  72  days.  When  the  data  were  considered 
in  terms  of  the  relationship  of  individual  bacteriologic  findings  to  individual 
caries  scores  it  was  not  pos.sible  to  demonstrate  any  definite  pattern  relating  the 
two.  Even  when  group  averages  were  used  as  in  Table  II  the  same  lack  of 
correlation  was  evident.  For  example,  Chloromycetin  which  gave  a  general  re¬ 
duction  of  lactobacillus  counts  was  equally  effective  in  controlling  caries  as  aureo- 
mycin  which  had  little  effect  on  the  lactobacillus  counts.  On  the  other  hand  the 
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effect  of  the  two  drugs  on  the  oral  streptococcal  counts  was  exactly  the  reverse. 
With  penicillin  and  bacitracin  Iwth  the  lactobacillus  counts  and  streptococcus 
counts  decreased  along  with  the  caries  score. 


Table  If 

A  SrMMARV  OK  DACTERioLooirAL  Fixmxr.s* 


lACTOBACILLI 

.STREPTOCOCCI  I 

COLIKORMS 

A 

Controls 

DAYS  ON  EXPERIMENT 

DAYS  ON  EXPERIMENT 

0  .50  no 

Boaiiai 

0  50  no 

:t,;too 

1,100 

9.S00 

452,000 

290,000 

1,600 

2,280 

2,340 

Jt 

AuroomycMii 

499,000 

5,950 

2,0d0 

69,.340 

16.020 

C 

Peiiicilliii 

1,K00 

260 

1,7S0 

536,000 

19,000 

1,825 

18,950 

5,110 

5,;ioo 

1,500 

21,960 

391,000 

207,000 

1,200 

9,400 

2.270 

I) 

Hacitracin 

3,:ioo 

470 

180 

412,000 

14,500 

1,850 

10,870 

1,770 

E 

Cliloromycetin 

6,500 

120 

845 

330,000 

485,000 

1,250 

14,420 

2.050 

F 

Streptomycin 

6,900 

1,475 

13,800 

428,000 

37,000 

1,130 

17,320 

18..380 

•All  counts  are  averages  of  tne  individual  counts  for  each  animal  in  the  group  and 
represent  the  average  number  of  organisms  per  swab. 


Usually  no  attempt  was  made  to  identify  the  various  organisms  further  than 
the  general  groupings  on  the  basis  of  colony  characteristics  on  the  si)ecial  media 
employed.  At  various  times  during  the  course  of  the  experiment  over  one  hun¬ 
dred  separate  colonies  of  lactobacilli  were  isolated,  cultured  in  vaspar-sealed 
stabs  of  Kogosa’s  medium  and  oliserved  for  gas  production.  In  this  way  it  was 
determined  that  about  80  per  cent  of  the  oral  lactobacillus  population  of  the  rats 
on  this  diet  were  of  the  heterofermentative  type.  The  vast  majority  of  the 
streptococci  were  of  the  alpha  or  gamma  type  on  blood  agar.  About  50  such 
strains  were  tested  in  glucose  broth  and  all  gave  positive  methyl  red  tests  indicat¬ 
ing  the  ability  to  produce  a  pi  I  of  below  5.0.  On  the  E.M.B.  plates  colonies  pre¬ 
sumptive  of  E.  coH  made  up  only  one  tenth  or  less  of  the  total  in  the  control  diets, 
most  of  the  colonies  presenting  the  appearance  characteristic  of  ^l.  aerogenes  on 
this  medium.  On  the  penicillin  and  bacitracin  diets  the  proportion  of  E.  coH  to 
total  coliform  types  increased,  while  with  the  streptomycin,  aureomycin,  and 
Chloromycetin  diets  the  proportion  of  E.  coli  types  decreased. 


DISCUS.SIOX 

The  results  of  these  experiments  are  in  general  agreement  with  and  extend 
the  scope  of  previous  findings  in  indicating  that  the  development  of  occlusal 
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fissure  caries  in  experimental  animals  on  coarse  particle  diets  may  be  inhibited 
by  the  use  of  antibiotic  agents.  The  experiments  reported  here  furnish  a  rela¬ 
tively  rigorous  test  of  the  effectiveness  of  the  antibiotics  because  the  diet  em¬ 
ployed  induced  severe  caries  in  all  of  the  control  animals.  The  fact  that  none 
of  the  antibiotic  groups  was  comi^letely  free  of  caries  at  the  comparatively  high 
levels  of  antibiotics  which  were  used,  suggests  that  the  effectiveness  of  the  anti¬ 
biotics  in  inhibiting  experimental  caries  in  rats  depends  somewhat  on  the  caries 
producing  qualities  of  the  diet  and  on  other  factors  as  yet  undetermined. 

It  may  be  of  some  significance  that  the  antibiotics  which  specifically  inhibit 
the  gram  positive  flora  (namely,  penicillin  and  bacitracin)  proved  most  effective 
in  i)reventing  caries.  Auroomycin,  Chloromycetin,  and  .streptomycin  which 
posse.ss  a  wider  spectrum  but  are  less  si)ecific  for  oral  streptococci  or  lactobacilli 
in  vitro  were  less  effective  in  reducing  caries  in  vivo.  However,  from  the 
bacteriological  findings  obtained  in  the  current  study  it  is  difficult  to  assess  this 
point  with  any  degree  of  certainty.  Moreover,  it  should  also  be  pointed  out  that 
the  pre.sent  study  considered  only  a  small  part  of  the  oral  flora  cultivable  on 
aerobic  plates,  leaving  the  significance  of  changes  in  the  remainder  of  the  aerobic 
micro  flora  and  the  equally  numerous  anaerobie  microflora  still  to  be  ascertained. 

The  demonstrated  ability  of  a  number  of  antibiotics  with  different  anti¬ 
bacterial  spectra  to  inhibit  the  develoj. merit  of  experimental  caries  to  different 
degrees  is  of  fui’ther  intei-est.  Extension  of  studies  of  this  type  may  furnish 
a  means  of  defining  more  precisely  the  baeteidal  etiology  of  dental  cai'ies.  It 
may  also  be  possible  to  reduce  the  numbers  of  unassociated  microbial  variables 
by  the  use  of  suitable  antibiotics,  and  thus  aid  in  clarifying  the  caries  picture. 


SUMM.VRY 

The  antibiotics  penicillin,  bacitracin,  aureomycin,  Chloromycetin,  and  strep¬ 
tomycin  were  studied  for  their  effectiveness  in  reducing  experimental  dental 
caries  in  the  albino  rat  by  adding  them  to  a  coarse  particle  diet.  Penicillin  at  a 
concentration  of  50,000  units  per  cent  was  mo.st  effective  followed  by  bacitracin 
(5,000  units  per  cent),  aureomycin,  Chloromycetin,  and  streptomycin  all  at 
50,000  micrograms  per  cent. 

Studies  of  oral  lactobacilli,  .stre])tococci,  and  coliforms  revealed  no  consistent 
changes  relatable  to  the  caries  picture. 

We  gratefully  acknowledge  the  technical  assistance  of  Mr.  William  L.  Poole  and 
Mr.  Frank  R.  Shaw. 
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EFFECTS  OF  SONIC  VIBRATION  ON  THE  NUMBERS  OF  MICRO¬ 
ORGANISMS  CULTIVABLE  FROM  HUMAN  SALIVA 

N.  B.  WILLIAMS  AND  C.  F.  EICKENBERG 

Department  of  Mierohiolofiy,  School  of  Dentistry,  University  of  Pennsylvania, 
Philadelphia,  Pei. 

Quantitative  estimates  of  the  cultivable  micro-organisms  in  pure  cul¬ 
tures,  water,  milk,  foodstuffs  and  the  secretions  and  excretions  of  human 
beings  are  influenced  by  the  physical  arrangement  and  dispersion  of  the  organ¬ 
isms  in  the  samples.  It  has  become  common  practice,  therefore,  to  shake  the 
sample,  with  or  without  glass  beads,  by  hand  or  mechanically  for  varying  periods 
of  time  prior  to  culturing,  in  order  to  obtain  a  more  homogeneous  dispersion, 
so  that  counts  of  colonies  will  closely  indicate  the  total  cultivable  content.  The 
application  of  shaking  procedures  to  saliva,  or  washings  from  the  oral  cavities 
of  human  beings,  has  encouraged  many  workers  to  carry  out  a  variety  of  studies 
on  the  oral  microbial  flora.  Most  workers  have  not  been  satisfied,  however,  that 
the  counts  obtained  were  rei)resentative  of  the  cultivable  micro-organisms  in  the 
samples,  even  though  the  counts  were  suitable  for  the  purposes  of  the  particular 
study.  Several  investigators  have  described  methods,  including,  or  apart  from 
shaking,  for  obtaining  more  homogeneous  suspensions.  Crowley  and  Rickert' 
passed  saliva  through  an  atomizer,  Bibby  and  Maurer*  treated  saliva  with  horse 
serum  to  prevent  clumping,  while  Permar,  Kitchin,  and  Robinson*  studied  a 
variety  of  methods. 

The  purpose  of  this  report  is  to  describe  our  findings  after  exposing  saliva 
to  sonic  vibration  (9,000  cycles  per  second)  prior  to  dilution  and  distribution 
on  medium  in  plates.  The  use  of  sonic  vibration  was  suggested  by  the  results 
of  turbidity  measurements  with  a  Klett-Summerson  photelometer,  before  and 
during  sonic  vibration  of  a  suspension  of  lactobacilli  in  an  effort  to  disintegrate 
the  cells.  During  the  first  15  minutes  of  exposure  there  was  an  increase  in 
turbidity  (an  increase  in  the  number  of  light-absorbing  particles)  which,  during 
the  next  15  minutes,  began  to  decrease  as  the  cells  disintegrated.  Since  smears 
of  this  suspension  prior  to  sonic  vibration  showed  “palisade”  arrangement  and 
clumping,  it  was  presumed  that  the  increase  in  turbidity  was  due  to  a  dispersion 
of  cell  aggregates,  similar  to  the  observation  reported  by  Shropshire.^  No  smears 
were  made  during  sonic  vibration  but  smears  at  the  end  of  treatment  indicated  a 
homogeneous  suspension  of  disintegrated,  partially  disintegrated  and  whole  cells. 
If  the  increase  in  turbidity  was  due  to  a  separation  of  the  cell  aggregates  into 
smaller  units,  one  might  expect  a  higher  colony  count  on  culture  medium  from 
a  suspension  treated  for  a  particular  time  interval  than  from  an  untreated  one. 

This  investigation  was  conducted  in  part  under  a  contract  between  the  Office  of  Naval 
Research  and  the  School  of  Dentistry,  University  of  Pennsylvania.  Presented  at  the  Thirtieth 
Annual  Meeting  of  the  International  Association  for  Dental  Research,  Colorado  Springs, 
Colorado,  March  22,  1952. 

Received  for  publication,  March  12,  1952. 
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MATERIALS  AND  METHODS 

Collection  of  Saliva. — A  piece  of  sterile  paraffin  (M.P.  50  to  52°  C.)  was 
allowed  to  soften  in  the  mouth  and  then  chewed  for  3  to  5  minutes.  As  saliva 
collected  it  was  transferred  to  a  sterile  bottle.  Saliva  samples  were  collected 
from  4  persons  and  pooled  for  all  work  involving  the  use  of  more  than  10  ml. 
of  saliva.  The  various  samples  of  a  pooled  saliva  employed  in  these  studies  were 
not  made  up  of  saliva  collected  from  the  same  persons. 

Treatment  of  Saliva. — The  methods  for  treating  saliva  are  all  mechanical 
and  differ  only  in  the  amount  of  energy  applied  and  the  frequency  of  application. 
For  the  sake  of  convenience,  however,  the  methods  are  designated  as  follows. 

a.  Sonic  vibration:  The  apparatus  employed  was  a  Raytheon  magnetostrictor 
(Model  ^R-22-1)  with  a  frequency  of  9  x  103  cycles  per  second  and  a  power  output 
of  about  50  watts.  The  transducer  was  removed  prior  to  each  run  and  autoclaved 
for  15  minutes  at  120°  C.  A  control  on  the  sterility  of  the  transducer  cup  was  made 
prior  to  each  run  by  adding  sterile  saline  (0.85  per  cent  NaCl)  to  the  cup  after  auto¬ 
claving,  then  exposing  to  sonic  frequency  for  2  minutes  and  culturing.  Results 
were  uniformly  negative. 

Saliva  was  transferred  to  the  sterile  cup,  observing  aseptic  precautions,  and 
exposed  for  varying  time  intervals.  Aliquots  for  culture  were  removed  periodically 
by  opening  the  cup  and  removing  1.0  ml.  with  a  steril  1.0  ml.  pipette. 

b.  Mechanical  shaking:  A  special  shaking  machine  designed  to  deliver  85 
cycles  per  second  was  employed  (the  platforni  of  the  machine  traversed  a  distance 
of  of  an  inch  in  each  (4  cycle).  Saliva,  usually  15  ml.  was  transferred  to  a 
sterile  vial  filled  with  glass  be  "is  (.3  to  4  mm.  in  diameter)  and  closed  with  a  sterile 
screw  cap.  The  vial  was  fixed  on  a  platform  attached  to  the  machine  and  the 
machine  was  run  for  varying  time  intervals.  Aliquots  were  removed  in  the  same 
fashion  as  for  sonic  vibration. 

c.  Mixing  with  pipette:  A  5  ml.  pipette  (delivery  aperture  about  1  mm. 
in  diameter)  was  employed  to  mix  the  saliva  by  withdrawing  and  expelling  it  force¬ 
fully  20  times  within  the  confines  of  the  container  before  aliquots  were  removed 
for  culture. 

Culture  Methods. — The  standard  aliquot  of  1.0  ml.  was  diluted  serially  in 
nutrient  broth  (Difeo)  so  that  dilutions  of  1  x  10'^  through  1  x  10*®  were  ob¬ 
tained.  All  transfers  between  dilutions  were  made  with  1.0  ml.  of  the  saliva 
broth  mixture  using  a  1.0  ml.  pipette.  A  0.1  ml.  pipette  was  used  to  withdraw 
0.1  ml.  from  the  appropriate  dilutions  for  transfer  to  culture  medium  in  a  Petri 
plate.  The  aliquot  was  expelled  onto  the  surface  of  the  medium  then  spread  over 
the  surface  by  means  of  a  sterile  “L”  shaped  glass  spreader.  Plates  were  incu¬ 
bated  aerobically  at  37°  C.  for  72  hours.  The  media  employed  in  the  various 
phases  of  the  study  were: 

1.  Difeo  blood  agar  base  plus  sterile  horse  blood  to  a  concentration  of  5  per 
cent. 

2.  Blood  agar  (as  in  1.)  plus  0.01  per  cent  sodium  azide  and  crystal  violet 
0.0002  per  cent.® 

3.  Tomato  juice  agar  pH  5.® 

Counts. — All  plates,  with  cover  removed,  were  placed  on  a  ruled  card 
(Frost)  on  the  stage  of  a  binocular  dissecting  microscope.  The  0.7  x  objective 
was  routinely  employed  for  counting  colonies  on  the  surface  of  the  medium,  while 
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the  beam  of  a  niieroseope  lamp  was  directed  at  the  surface  of  the  medium.  In¬ 
direct  light  was  used  if  necessary.  Effort  was  made  to  count  only  those  plates 
which  presented  100  to  300  colonies  on  the  surface  of  the  medium. 

RESULTS 

A  study  to  compare  the  effects  of  mechanical  shaking  and  sonic  vibration 
on  the  numbers  of  bacteria  cultivable  from  pooled  saliva  was  undertaken  prior 
to  making  observations  on  the  effects  of  sonic  vibration  alone.  A  50  ml.  amount 
of  pooled  saliva  was  mixed  thoroughly,  using  a  pipette,  then  1.0  ml.  was  removed 
for  dilution  and  culture.  The  counts  made  from  the  api)ropriate  dilution  after 
pipette-mixing  were  referred  to  as  counts  at  zero  time.  A  15  ml.  portion  was 
treated  by  mechanical  shaking  while  the  remainder  was  exposed  to  sonic  vibra¬ 
tion.  Aliquots  of  1.0  ml.  were  removed  from  the  portions  treated  by  these 
methods  at  intervals  of  2,  6,  10,  15  and  30  minutes.  Plates  were  made  from 
several  dilutions  but  the  10'^  dilution  usually  yielded  the  best  distribution  of 
colonies  for  “zero  time”  counts  as  well  as  those  after  mechanical  shaking,  while 
the  10  ®  dilution  was  best  after  sonic  vibration.  A  total  of  5  Petri  plates,  con¬ 
taining  blood  agar,  were  inoculated  from  the  appropriate  dilutions  from  each 
aliquot. 

The  average  number  of  organisms  from  each  series  of  plates  are  recorded 
in  Table  I,  while  Fig.  1  is  a  graphic  presentation  of  these  data.  The  plates 


Table  I 

COMI’AKISO.N  OF  THE  EFFECTS  OF  MECHANICAL  SHAKING  AND  SONIC  VIBRATION  ON 
CocNTS  OF  Bacteria  in  Saliva 


time  in  minutes 

1 

NUMBER  OF  BACTERIA  X  106/ML.  POOLED  SALIVA 

‘  Pipette 

1  MECHANICAL 

SHAKING  1 

SONIC 

VIBRATION 

0 

23* 

— 

— 

2 

— 

21 

114 

6 

— 

24 

105 

10 

— 

t 

196 

15 

— 

23 

117 

30 

— 

26 

151 

•Counts  repre.sent  average  number  of  colonies  appearing  on  5  blood  agar  plates  made 
at  each  time  interval. 

tPlates  contaminated. 


inoculated  from  the  dilution  of  the  10  minute  aliquot  from  the  sample  treated 
by  mechanical  shaking  were  contaminated.  Comparison  of  the  average  counts 
after  mechanical  shaking  with  the  average  count  following  pipette-mixing  indi¬ 
cates  that  the  former  treatment  did  not  lead  to  appreciably  higher  counts.  On 
the  other  hand,  sonic  vibration  led  to  markedly  higher  numbers  of  colonies.  Ex¬ 
posure  of  the  sample  for  only  2  minutes  led  to  a  count  that  is  5  times  higher  than 
the  average  count  after  mechanical  shaking  of  the  same  sample.  The  count  was 
not  changed  appreciably  after  exposing  for  6  minutes,  but  the  maximum  count 
for  this  sample  was  observed  after  vibrating  the  sample  for  10  minutes.  The 
count  after  15  minutes  of  exposure  was  lower  than  after  10  minutes  and  is  noted 
to  be  at  the  level  of  the  2  and  6  minute  counts.  A  relatively  higher  count  was 
found  after  30  minutes  than  after  15  minutes.  Statistical  analysis  is  limited  to 
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a  comparison  of  the  means  of  counts  resulting:  from  the  various  methods  of 
treatment  and  is  based  on  chi  square  tests  which  show  that  the  colonies  on  the 
various  plates  occurred  in  a  Poisson  distribution.  Comparison  of  the  mean 
count  after  pipette-mixing  with  the  various  mean  counts  after  mechanical  shak¬ 
ing  indicated  that  there  was  no  particular  difference  in  the  populations  of  sam¬ 
ples  removed.  Similar  results  were  found  upon  comparison  of  the  various  mean 
counts  after  the  different  intervals  of  mechanical  shaking.  However,  the  differ¬ 
ences  between  the  mean  count  after  pipette-niixing  and  the  mean  counts  after 
each  interval  of  sonic  vibration,  as  well  as  the  differences  between  mean  counts 
after  mechanical  shaking,  and  those  after  sonic  vibration,  are  significant  at  the 
1  per  cent  level  (all  P  values  are  less  than  0.01).  The  analyses  indicate  a  definite 
difference  in  the  dispersion  of  cultivable  bacteria  after  sonic  vibration  in  con¬ 
trast  to  mechanical  shaking  or  pipette-mixing. 

COMPARISON  OF  THE  EFFECTS  OF  MECHANICAL  SHAKING 

AND  SONIC  VIBRATION  ON  COUNTS  OF  BACTERIA  IN  SALIVA 


Fisr.  1. 

Comparison  of  the  mean  counts  after  different  time  intervals  of  sonic  vibra¬ 
tion  was  made  to  determine  whether  the  observed  differences  were  significant. 
The  difference  in  the  mean  counts  after  2  and  6  minutes  does  not  reflect  a  signifi¬ 
cant  change  in  the  population  of  the  samples  removed.  The  differences  between 
these  mean  counts  and  that  after  10  minutes  indicate  a  marked  change  in  the 
samples  since  both  P  values  are  less  than  0.01.  The  mean  count  after  15  minutes 
differs  significantly  from  that  after  10  minutes  indicating  a  reduction  in  the 
population  of  the  samples.  The  higher  mean  count  after  30  minutes  was  not 
expected.  A  comparison  of  these  mean  counts,  however,  indicates  that  the  differ¬ 
ence  is  significant  at  the  1  per  cent  level  (P  value  is  less  than  0.01),  These 
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analyses  indicate  there  is  little  change  in  the  population  of  the  samples  during 
the  first  6  minutes  of  sonic  vibration  hut  significant  changes  occurred,  during  the 
run,  after  10, 15,  and  30  minutes. 

A  sample  of  saliva  obtained  from  1  person  was  employed  to  compare  the 
effects  of  sonic  vibration  and  mechanical  shaking  on  the  numl>ei*s  of  colonies 
when  the  sample  w’as  diluted  before  exposure  to  shaking  methods.  The  sample 
was  diluted  1 :5,  then  1  portion  was  exposed  to  mechanical  shaking  for  10  minutes 
and  the  other  to  sonic  vibration  for  5  minutes.  Five  blood  agar  plates  were 
inoculated  from  the  10'^  dilution  of  the  aliquot  from  the  sample  treated  by 
mechanical  shaking,  a  similar  number  were  prepared  from  the  10  ®  dilution  of 
the  sample  exposed  to  sonic  vibration.  The  time  intervals  employed  in  the  treat¬ 
ment  of  this  sample  were  arbitrarily  set  at  10  minutes  for  mechanical  shaking 
and  5  minutes  for  sonic  vibration  without  benefit  of  the  analysis  of  the  previous 
work  with  the  pooled  samples.  The  numbers  of  colonies  on  each  plate,  the 
arithmetic  means  of  each  group  of  plates,  and  the  standard  deviations  of  the 
counts  are  recorded  in  Table  II  and  i)resented  graphically  in  Fig.  2.  It  will  he 
noted  that  the  means  and  standard  deviations  are  on  the  right  hand  side  of  Fig. 
2.  The  range  of  the  counts  after  mechanical  shaking  is  slightly  lower  than  the 
range  of  the  counts  after  sonic  vibration,  but  sonic  vibration  led  to  an  average 
count  that  is  almost  3  times  higher  than  the  count  after  mechanical  shaking. 


Table  II 

Comparison  of  Counts  From  a  Single  Dilution  From  Saliva  Sample  Dili^ted  Before 
Mechanical  Shaking  and  Sonic  Vibration 


number  of  bacteria  X  10«/ml.  saliva 

MECHNICAL  SHAKING 

SONIC  VIBRATION 

ALIQUOTS* 

10  MINUTES 

5  MINUTES 

1 

68 

235 

2 

85 

225 

3 

80 

275 

4 

99 

250 

5 

77 

245 

Mean 

82 

245 

Standard  deviation 

10 

17 

•One  plate  per  aliquot. 


The  variability  in  the  counts  is  about  as  may  be  expected  in  random  sam¬ 
pling  since  the  values  obtained  from  application  of  the  chi  square  test  are  not 
unusual  and  the  standard  deviations  squared  (variance)  are  roughly  equal  to, 
although  slightly  higher  than,  the  respective  means.  It  is  concluded  that  the 
colonies  on  the  plates  were  in  a  Poisson  distribution.  A  comparison  of  the  means 
indicates  that  the  difference  is  significant  at  the  1  per  cent  level  (P  value  is  less 
than  0.01).  The  data  indicate  that  sonic  vibration  yields  higher  numbers  of 
colonies  from  diluted  saliva  samples  than  mechanical  shaking,  thus  these  results 
are  similar  to  those  found  after  sonic  vibration  of  undiluted  saliva.  A  larger 
number  of  replicate  plates  would  be  needed  in  order  to  determine  whether  there 
is  less  variance  in  the  counts  after  sonic  vibration  in  contrast  to  mechanical 
shaking. 
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Exposure  of  saliva  to  sonic  vibration  at  varying  time  intervals  was  repeated 
using  2  different  samples  of  pooled  saliva.  The  periods  of  exposure  were  the  same 
as  in  the  work  described  above  except  that  observations  were  also  made  after  4, 
45,  and  60  minutes.  Aliquots  removed  from  the  samples  after  each  period  of 
exposure,  were  diluted  and  cultured  so  that  counts  of  colonies  of  streptococci 
and  lactobacilli  could  be  made  in  addition  to  the  colony  counts  on  blood  agar 
plates.  An  inoculum  of  0.1  ml.  of  appropriate  dilution  of  each  aliquot  was 
placed  on  each  of  2  i)lates  of  an  agar  medium  described  by  Stiles  and  Chapman,® 
tomato  juice  agar,®  and  5  per  cent  blood  agar.  The  average  of  the  counts  from 
each  pair  of  plates  for  each  medium  and  each  pooled  saliva  are  presented  in 
Table  III.  It  will  be  noted  that  in  some  cases  only  1  plate  of  a  pair  could  be 


COMPARISON  OF  COUNTS  FROM  A  SINGLE  DILUTION  FROM  DILUTED 
SALIVA  SAMPLE.  MECHANICAL  SHAKING  VERSUS  SONIC  VIBRATION. 


12  3  4 

ALIQUOTS 

Fig.  2. 


counted,  whereas  in  others  neither  plate  could  be  counted,  because  of  contami¬ 
nation.  If  one  plate  was  countable  that  count  is  given  rather  than  an  average. 
The  data  for  the  counts  from  blood  agar  plates,  and  the  colony  counts  of  strepto¬ 
cocci  and  lactobacilli  are  presented  graphically  in  Figs.  3,  4,  and  5  respectively. 
No  statistical  analyses  of  these  data  were  made  because  of  insufficient  informa¬ 
tion.  Our  main  purpose  was  to  study  the  trends  in  quantitative  relationships 
between  the  various  bacteria  during  exposure  to  sonic  vibration. 

The  results  from  exposure  of  these  2  saliva  samples  to  sonic  vibration  sup¬ 
port  the  observations  that  this  method  of  treatment  increases  the  number  of 
bacterial  colonies  appearing  on  culture  media.  The  order  of  the  increase  is  a 
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little  lower  than  observed  in  the  first  study,  for  the  counts  at  zero  time  in  these 
samples  are  relatively  higher.  Fig.  3  shows  that  the  average  counts  tend  to  in¬ 
crease  to  a  maximum  after  10  minutes,  then  decrease  to  counts  after  60  minutes, 
that  are  lower  than  after  2  minutes.  Saliva  No.  1,  yielded  a  higher  average 
count  after  4  minutes  than  after  10  minutes  and  Saliva  No.  2  yielded  a  single 
count  after  30  minutes  that  is  higher  than  the  average  count  after  10  minutes. 
These  exceptions  to  the  general  trend  cannot  be  evaluated  because  of  the  lack 
of  sufficient  replicate  plates.  The  contamination  of  plates,  inoculated  from 
sample  No.  2  after  15  minutes,  i)revents  any  comparison  of  the  trend  in  the 
counts  from  this  saliva  sample  after  15  and  30  minutes  of  sonic  vibration  with 
those  shown  in  Fig.  1.  However,  it  will  be  noted  that  the  trend  in  the  average 
counts  in  sample  No.  1  does  not  indicate  a  lower  count  after  15  minutes  than 
after  10  or  a  higher  count  after  30  than  after  15  minutes. 


Table  III 

Effect  of  Time  of  Exposure  to  Sonic  Vibration  on  Numbers  of  Bacteria 
Cultivable  From  Saliva 


TIME 

IN 

minutes 

NUMBER  OF  BACTERIA  PER  ML.  SAUVA 

SAMPLE  NO.  1 

1  SAMPLE  NO. 

2 

1  B  1 

s  1 

L 

1  B  1 

s  1 

L 

Pipette 

0 

81 

34 

138 

87 

41 

12 

2 

213 

82 

180 

251 

133 

21 

4 

367 

159 

175 

t 

178 

26 

6 

305 

147 

156 

247 

171 

31 

10 

338 

157 

128 

339 

176 

24 

Sonic  vibration 

15 

292 1 

193 

199 

t 

210 

29 

30 

267 

14 

124 

374t 

242 

14 

45 

198 

9- 

73 

240 

99 

8 

60 

187 

109  VK 

51 

1451 

64 

4 

•Saliva  pooled  from  4  different  persons.  The  second  sample  was  from  a  different 
group. 

t  Plates  contaminated. 

{Count  from  single  plate. 

B,  Blood  agar  plate  count — number  X  1  d". 

S,  Streptococci — number  X  1 0“ 
n,  Lactobacilli — number  X  10^. 


The  results  of  the  effects  of  sonic  vibration  on  counts  of  streptococcus 
colonies  (Fig.  4)  in  the  2  saliva  samples  indicate  that  the  counts  are  consistently 
higher  than  those  obtained  after  mixing  with  a  pipette.  The  counts  for  the  No.  1 
sample  are  generally  lower  than  for  sample  No.  2,  but  since  the  counts  were 
made  from  pooled  saliva  it  is  not  possible  to  attach  any  significance  to  the  differ¬ 
ences.  The  trend  of  the  .streptococcus  counts  over  the  entire  observation  period 
is  different  from  that  in  Fig.  3.  The  counts  after  4  minutes  of  exposure  were 
not  changed  appreciably  by  exposure  for  6  or  10  minutes.  The  streptococcus 
count  for  sample  No.  1  is  noted  to  be  maximum  after  15  minutes  of  exposure. 
Lower  counts  were  observed  for  both  samples  after  45  minutes.  Little  change 
in  the  count  for  sample  No.  1  was  observed  after  60  minutes,  but  the  count  from 
sample  No.  2  is  noted  to  have  decreased  compared  to  the  counts  at  45  minutes. 
The  data  indicate  that  the  highest  colony  counts  for  these  bacteria  were  not 
found  until  after  15  or  30  minutes  of  exposure  to  sonic  vibration  and  in  this 
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respect  are  different  from  the  “total  colony  counts”  for  these  saliva  samples, 
but  counts  of  streptococci  as  well  as  counts  of  all  colonies  on  blood  agar  plates 
are  noted  to  be  lower  after  45  and  60  minutes. 

It  is  interesting  that  the  counts  of  streptococcus  colonies  represent  about 
half  the  numbers  of  colonies  counted  on  blood  agar  plates  (“total  counts”). 
The  proportion  of  colonies  in  sample  No.  1  is  over  50  per  cent  after  15,  30,  and  60 
minutes  of  sonic  vibration,  while  over  50  per  cent  is  noted  at  2,  6,  10,  and  30 
minutes  for  sample  No.  2.  The  data  lend  support  to  the  statement  that  strepto¬ 
cocci  predominate  in  the  cultivable  oral  flora. 

The  lactobacillus  colony  counts  for  samples  Nos.  1  and  2  are  presented  in 
Table  III  and  Fig.  5.  There  is  a  marked  difference  in  the  numbers  of  colonies 
from  the  2  samples  and  the  effects  of  sonic  vibration  on  the  counts  also  appear 
to  differ.  The  average  count  for  sample  No.  1  is  noted  to  be  higher  after  2 
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Fig.  5. 

minutes  of  sonic  vibration  than  the  count  at  zero  time.  Each  of  the  next  3  counts 
were  progressively  lower  than  the  count  after  2  minutes;  then  a  maximum 
average  count  for  the  sample  is  noted  after  15  minutes  of  exposure.  The  counts 
after  30,  45,  and  60  minutes,  respectively,  were  progressively  lower  than  the 
maximum  and  lower  than  counts  made  at  zero  time  or  after  2  minutes  of  sonic 
vibration.  Interpretation  of  these  data  is  difficult  because  of  the  lack  of  suffi¬ 
cient  replicate  plates,  but  further  work  is  indicated  on  salivas,  preferably  from 
one  person,  that  contain  relatively  high  numbers  of  cultivable  lactobacilli. 

The  counts  from  sample  No.  2  indicate  relatively  lower  numbers  of  lacto¬ 
bacilli  than  in  sample  No.  1.  It  is  noted  in  Fig.  5  that  an  increase  in  the  average 
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count  is  apparent  after  2  minutes  of  sonic  vibration;  the  averaf?e  counts  at  4 
and  6  minutes  are  higther,  with  the  maximum  number  bein^  found  after  6 
minutes  of  treatment.  There  is  a  lower  average  count  after  10  minutes  followed 
by  a  near  maximum  after  15  minutes.  Progressively  lower  average  counts  were 
found  after  30,  45,  and  60  minutes  respectively.  The  data  indicate  that  the 
average  counts  in  sample  No.  2  were  at  least  doubled  after  sonic  vibration  for 
between  4  and  15  minutes. 

DISCUSSION 

Early  interest  in  the  use  of  sonic  or  ultrasonic  vibration  seems  to  have  been 
centered  on  the  lethal  effects  on  bacteria,  therefore,  attention  was  directed  toward 
determination  of  the  shortest  exposure  time  which  would  kill  the  largest  num¬ 
bers  of  bacteria.  As  a  result,  little  work  has  been  done  to  determine  what  effects 
nonlethal  exposure  times  might  have  on  suspensions  of  bacteria.  Shropshire^ 
exposed  suspensions  of  pure  cultures  of  bacteria  for  short  periods  and  reported 
that  there  was  a  breaking  up  of  clumps  and  a  relatively  uniform  dispersion  of 
the  forms,  but  as  the  time  of  exposure  was  extended  there  was  a  progressive 
disintegration  of  the  cells.  On  the  other  hand,  as  far  as  we  are  aware,  he  did 
not  report  on  cultural  studies  during  these  intervals.  Our  data  indicate  that 
exposure  of  saliva  to  sonic  vibration  altered  the  relative  dispersion  of  the  cultiva¬ 
ble  bacteria  in  the  samples  so  that  after  short  time  periods  consistently  higher 
colony  counts  could  be  obtained  than  by  a  mechanical  shaking  method.  Results 
somewhat  similar  to  ours  have  been  reported  by  Hopwood,®  Hamre,®  and  New¬ 
ton^®  after  treatment  of  viruses.  When  certain  viruses  were  exposed  to  fre¬ 
quencies  of  5.5  X  10®  cycles  or  higher  the  number  of  infective  units  could  be 
increased.  These  workers  attributed  the  increases  to  a  dispersion  of  aggregates 
of  the  micro-organisms,  but  Newton^®  added  that  when  tobacco  mosaic  virus  was 
exposed  to  higher  energy  levels  there  was  a  fracturing  of  the  basic  infective  unit. 

The  lethal  effects  of  sonic  or  ultrasonic  vibration  on  micro-organisms  depend 
upon  the  kind  of  micro-organism,^^  the  suspending  fluid,  the  concentration  of  the 
organisms,^®  the  time  of  exposure  and  the  energy  applied.®  Beckwith  and 
Weaver”  found  that  the  protein  in  milk  was  responsible  for  a  diminished  lethal 
effect  of  sonic  energy  on  bacteria,  while  Rivers,  Smadel,  and  Chambers”  reported 
prevention  of  inactivation  of  elementary  bodies  of  vaccinia  when  virus  was  sus¬ 
pended  in  serum.  Our  data  indicate  indirectly  that  saliva  reduces  the  lethal 
effect  of  sonic  vibration  on  bacteria,  e.g.,  the  numbers  of  colonies  of  streptococci 
cultivable  from  saliva  (Fig.  4)  were  reduced  by  about  two-thirds  after  one  hour 
of  exposure,  whereas  a  much  greater  reduction  might  be  expected  if  these 
organisms  had  been  suspended  in  broth  or  physiologic  saline.* 

The  highest  numbers  of  colonies  on  the  plates  inoculated  from  the  samples 
employed,  within  the  limits  of  the  media  and  incubation  procedures  used,  were 
found  after  exposure  to  sonic  vibration  for  about  10  or  15  minutes.  The  effects 
of  exposure  on  counts  made  at  time  intervals  between  6  and  10  minutes  or  15  and 
30  minutes  have  not  been  explored.  The  data  do  not  offer  any  way  of  explaining 
the  significantly  higher  average  count  after  30  minutes  In  comparison  with  the  15 
minute  count  as  shown  in  Fig.  1.  A  lethal  effect  might  account  for  the  lower 
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count  after  15  minutes,  but  a  postulation  of  a  disaggregation  of  a  different  group 
of  bacteria  from  those  cultivated  after  the  maximum  count,  or  a  fracturing  of 
bacteria,  seems  necessary  to  account  for  the  counts  observed  after  30  minutes. 
Simultaneous  “differential”  counts  might  have  yielded  some  of  this  information. 

Determination  of  the  relative  numbers  of  different  bacteria  in  a  given 
volume  of  saliva  as  determined  by  colony  count  may  yield  information  as  to  the 
quantitative  relationships  between  these  microbial  forms.  Hemmens  and  asso¬ 
ciates'^  indicated  the  value  of  more  than  one  type  of  medium,  or  cultural  condi¬ 
tions,  when  a  variety  of  bacteria  are  to  be  cultivated  from  a  particular  sample. 
Their  study  was  concerned  with  the  incidence  of  microbial  forms  in  dental 
plaques  rather  than  quantitative  estimates.  Different  kinds  of  cultivable  bacteria 
in  saliva  have  often  been  estimated  on  a  single  medium,  but  crowding  and  sub- 
optimal  nutritive  conditions  for  certain  forms  complicate  the  method.  Studies 
on  the  numbers  of  bacterial  colonies  arising  on  separate  media  after  simultaneous 
inoculation  from  saliva  samples  have  been  reported  recently  by  Slanetz  and 
Brown.'®  One  medium  was  employed  to  obtain  a  “total”  bacteria  count  and  the 
numbers  of  colonies  of  streptococci  belonging  to  the  viridans  group.  A  separate 
medium  was  used  for  enumeration  of  lactobacillus  colonies.  Their  work  was 
primarily  concerned  with  the  changes  in  relative  numbers  of  these  bacteria  before 
and  after  use  of  antibacterial  agents  in  the  mouth,  rather  than  consideration  of 
quantitative  interrelationships  among  the  different  bacteria.  Information  such 
as  this  cannot  be  obtained  from  the  data  presented  here  because  of  the  use  of 
pooled  saliva.  However,  preliminary  studies  on  the  possibility  of  making 
“differential”  counts  on  bacteria  in  saliva  samples  indicate  that  streptococci, 
lactobacilli,  fusiform  bacteria  and  an  unidentified  gram-negative  diplococeus  are 
cultivable  in  sufficient  frequency  to  be  enumerated  on  separate  media.  The  use 
of  sonic  vibration  for  treatment  of  the  sample  prior  to  cultivation  is  a  definite 
advantage  in  isolation  except  for  fusiform  bacteria.  It  was  found,  in  the  only 
te.st  conducted  thus  far,  that  counts  of  fusobacteria  were  markedly  reduced  after 
an  exposure  of  the  saliva  for  5  minutes,  but  mechanical  shaking  did  not  affect 
the  count. 

Bibby  and  Maurer*  e.stimated  they  could  culture  only  about  one-sixth  of  the 
bacteria  in  the  saliva  samples  studied,  but  also  noted  that  they  recovered  in 
culture  a  higher  proportion  than  had  been  previously  reported.  Although  no 
direct  counts  and  simultaneous  colony  counts  have  been  made  on  a  .saliva  sample 
exposed  to  sonic  vibration,  the  consistently  higher  counts  than  the  shaking 
method  suggests  that  under  certain  conditions  sonic  vibration  may  yield  counts 
that  approximate  the  actual  viable  population  size  in  any  given  sample.  The 
studies  reported  here  are  preliminary  in  nature,  therefore,  several  other  aspects 
in  addition  to  the  above  application  are  of  interest,  i.e.,  the  effects  of  different 
intensities  of  energy  and  varying  frequencies  on  colony  counts  of  various 
cultivable  bacteria. 

SUMMARY 

1.  A  comparison  of  the  numbers  of  colonies  appearing  on  a  blood  agar 
medium  after  exposing  .separate  aliquots  of  pooled  saliva  to  sonic  vibration  (9,000 
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cycles  per  seeond,  power  output  about  50  watts)  and  to  a  meehanical  shaking 
method,  indicates  that  significantly  higher  counts  were  consistently  obtained 
after  sonic  vibration.  It  is  likely  that  these  differences  are  due  to  a  more 
homogeneous  dispersion  of  bacteria  after  sonic  vibration. 

2.  The  effects  of  sonic  vibration  on  the  counts  may  be  noted  as  early  as  after 
2  minutes  of  exposure,  but  the  highest  counts  seem  to  be  obtained  after  about 
10  minutes.  After  reaehing  a  maximum  the  eounts  l)€eome  lower  as  the  time  of 
exposure  is  increased. 

3.  Similar  effects  may  be  noted  on  the  numbers  of  colonies  of  streptococci 
and  lactobacilli  when  aliquots  from  the  sample  are  inoculated  on  separate  media. 

4.  The  pos.sible  use  of  sonic  vibration,  or  some  similar  method  for  studying 
(piantitative  relationships  between  bacteria  cultivable  from  saliva  is  suggested. 

5.  Various  phases  in  the  future  study  of  the  effeets  of  sonie  vibration  on 
samples  of  saliva  are  discussed. 


ADDENDUM 

Dr.  M.  P.  Horwood,  Massachusetts  Institute  of  Technology,  states,  in  a 
personal  communication,  that  he  has  observed  results  similar  to  ours  when  sewage 
or  pure  cultures  of  streptococci  or  staphylococci  are  exposed  to  ultrasound. 

The  authors  are  grateful  to  the  Eldridge  Reeves  Johnson  Foundation,  University  of 
Pennsylvania,  for  liberal  use  of  their  sonic  vibrator. 
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DEVELOPMENTAL  DISTURBANCES  OF  ENAMEL  IN  SCURVY 

VIKTORS  KALNINS 
Vpsala,  Sweden 

This  study  deals  with  both  scorbutic  enamel  changes  and  changes  produced 
during  the  first  stage  of  cure  of  scurvy  in  guinea  pigs.  In  addition,  some 
details  of  amelogenesis  have  been  analyzed  on  the  basis  of  the  findings  of  these 
experiments.  Some  investigators^*-  *“  have  reported  that  developmental  dis¬ 
turbances  of  enamel  in  guinea  pigs  depend  directly  on  scorbutic  degeneration 
of  the  ameloblasts.  Another  group  of  authors*-  *-  **-  have  stated  that  the 
enamel  formation  is  not  primarily  affected  by  ascorbic-acid  deficiency. 

Kotanyi**  recognized  two  types  of  alteration  in  scorbutic  enamel.  In  the 
first  he  found  granular  disintegration  of  the  ameloblasts,  enamel  hypoplasia, 
and  the  development  of  hollow  spaces  between  the  enamel  surface  and  the 
ameloblasts.  To  the  other  type  belong  cases  where  the  ameloblasts  are  normal 
but  the  enamel  shows  separation  into  fibers  and  cysts.  Walkhoff*®  established 
that  deficiency  of  vitamin  C  directly  effected  the  enamel-forming  cells.  The 
principal  features  in  pathological  degeneration  of  the  ameloblasts  consist  of 
rapid  reduction  of  their  protoplasm  and  in  development  of  vacuoles  in  the  cells. 
This  distortion  of  cells  resulted  in  hypocalcification  and,  in  severe  cases,  in 
hypoplasia  of  the  enamel.  Fish  and  Harris"**  emphasized  that  changes  in  the 
enamel-forming  cells  are  characteristic  of  the  scorbutic  process.  In  complete 
scurvy  the  ameloblasts,  which  should  be  functioning  at  that  moment,  undergo 
permanent  degeneration.  Even  those  cells  which  have  just  developed  degen¬ 
erate  and  enamel  formation  ceases  abruptly.  If  the  animal  is  cured,  there  will 
never  be  any  enamel  on  that  section  of  the  tooth  which  was  forming  when  the 
disease  was  at  its  height. 

Bauer,*  as  well  as  subsequent  authors,  belongs  to  the  second  group  of  in¬ 
vestigators  who  consider  that  enamel  development  is  not  affected  primarily  by 
scurvy.  He  declared  that  in  scurvy  the  origin  of  enamel  hypoplasia  was  due 
to  disturbances  of  circulation  with  edema  of  the  enamel  pulp.  This  edema  re¬ 
sults  in  injuries  and  in  the  separation  of  the  ameloblasts  from  the  enamel 
surface  followed  by  cessation  of  enamel  formation. 

Boyle®  stated  that  enamel  hypoplasia  was  a  secondary  rather  than  a  primary 
consequence  of  vitamin  C  deficiency.  The  development  of  defective  enamel  was 
explained  with  pathological  changes  in  tooth  suspension.  In  scurvy,  the  fail¬ 
ure  of  collagenous  fiber  formation  in  periodontium  which  impedes  the  dis¬ 
tribution  of  the  masticatory  stress  to  the  base  of  the  tooth  allows  the  trans¬ 
mission  of  excessive  forces  to  the  formative  part  of  the  tooth,  adequately  ac¬ 
counting  for  the  areas  of  defective  enamel  formation.  Such  areas,  both  in  case 
of  complete  and  partial  vitamin  C  deficiencies,  are  commonly  associated  with 
hemorrhage  in  the  overlying  tissues  and  with  disruption  and  atrophy  of  the 
enamel-forming  cells. 

Received  for  publication  Dec.  5,  1950.  Revised  by  author,  May  28.  1951. 
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Kalnins”*^  found  that  ascorbic  acid  deficiency  does  not  influence  the  differen¬ 
tiation  of  the  ameloblasts  and  that  pathological  changes  of  enamel  are  of  a  sec¬ 
ondary  nature.  A  characteristic  feature  of  scorbutic  changes  of  the  enamel  is 
insufficiency  and  interruption  of  enamel  formation  due  to  the  cessation  of  the 
development  of  the  dentin.  This  only  applies  to  molars.  Formation  of  the 
enamel  of  incisors,  contrary  to  that  in  molars,  continued  without  interruption 
in  spite  of  full  development  of  scurvy,  because  in  these  teeth  the  enamel  tissue 
is  adjacent  to  the  “mantle  dentin”  which  remains  unchanged  in  vitamin  C 
deficiency.  The  same  observation  was  made  by  Wassermann®®  who  stated  that 
in  certain  areas  of  scorbutic  teeth  where  the  development  of  dentin  was  sup¬ 
pressed  the  enamel  production  also  appeared  to  be  interrupted.  He  empha¬ 
sized  that  in  such  areas  the  enamel  forming  cells  remain  in  an  embryonic  stage. 

From  this  survey  of  the  literature  it  will  be  seen  that  at  present  there  is 
no  possibility  of  drawing  any  uniform  conclusions  as  to  the  pathogenesis  of 
disturbance  of  enamel  in  experimental  scurvy.*  Therefore,  one  of  the  objects 
of  the  present  work  is  to  attempt  to  distinguish  between  primary  and  sec¬ 
ondary  scorbutic  disturbance  in  the  development  of  enamel. 

MATERIAL  AND  METHODS 

The  investigation  is  based  on  studies  of  lower  incisors  and  molars  of  about 
250  guinea  pigs  with  body  weights  of  approximately  200  to  400  grams  each. 
One  hundred  twenty  animals  are  those  of  an  earlier  experiment®^  on  the  effect 
of  ascorbic  acid  upon  scorbutic  teeth  and  jaws.  The  rest,  about  130  guinea 
pigs,  have  been  used  as  control  animals  in  various  experiments  dealing  with 
vitamin  C®®’  ®*  with  hormones,®®  periodontal  disease,®®  and  with  the  effect  of 
x-ray  radiation.^®  Two  kinds  of  scorbutogenic  diets  were  applied:  one  was 
Sherman  Gothlin  (A)  and  the  other  (B)  consisted  of: 

Ground  oats  500  parts 

Wheat-bran  200  parts 

Calcium  lactate  10  parts 

Sodium  chloride  5  parts 

As  an  antiscorbuticum  1-ascorbic  acid  was  chiefly  used.  Both  in  prophylactic 
and  curative  experiments  0.05  per  cent,  0.1  per  cent,  or  0.5  per  cent  solutions 
were  administered  either  per  os,  by  stomach,  or  parenterally. 

All  experimental  animals  were  divided  into  two  groups.  The  changes 
of  enamel  in  prescorhutus  and  in  clinical  scurvy  were  studied  in  62  guinea  pigs 
who  had  received  only  scorbutogenic  food.  The  last  22  died  in  the  course  of 
the  further  development  of  severe  scurvy.  In  the  second  group  of  110  guinea 
pigs  the  enamel  alterations  during  the  period  of  reduction  of  the  severity  of 
scurvy,  subscurvy,  and  the  first  stage  of  cure  of  scurvy  were  examined.  These 
animals,  according  to  the  varied  duration  of  scorbutic  periods  (13  to  23  days), 
were  receiving,  for  1  to  20  days,  0.1  to  3.0  and  25.0  mg,  of  ascorbic  acid  per 
animal  per  day. 

•Moreover  enamel  changes  In  8curvy“'  ”•  ’*•  **•  *•  due  to  a  combination  of  scurvy  and 
other  disturbances'*-  *•-  *•  have  been  briefly  described  by  other  investigators. 
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Moreover,  the  enamel  was  examined  in  60  animals  which  in  various 
curative  experiments  had  been  treated  with  doses  of  antiscorbuticum  in  the 
form  of  extracts  or  emulsions  pi’epared  from  some  animal  tissues  and  or¬ 
gans*®’  (liver,  brain,  kidneys,  adrenals,  tooth  germs,  etc.). 

Since  the  ground  sections  of  the  jaws  are  not  suitable  for  study  of  de¬ 
veloping  enamel,  becau.se  the  ameloblasts  and  enamel  matrix  are  destroyed, 
decalcified  sections  were  made.  Only  a  few  ground  sections  were  made  for 
the  observation  of  .sequences  of  developmental  disturbances.  The  preparations 
were  embedded  in  paraffin  or,  in  some  experiments,  in  celloidin,  and  then  dis¬ 
sected  in  cross  (incisors)  and  longitudinal  planes  (incisors  and  molars)  3  to 
7  fi  thick.  Staining  was  with  hematoxylin-eosin  and  according  to  Bock’s  or 
Hansen’s  methods. 

Although,  owing  to  the  events  of  the  war,  the  histologic  preparations  and 
many  photomicrographs  from  the  experiments  performed  before  1944  were 
lost,  the  photomicrographs  of  my  work  were  completed  by  courtesy  of  Westin 
and  Lilleengen  from  materials  of  their  own  experiments.*  It  should  be  noted 
that  their  methods  with  regard  to  animal  diets  and  histologic  preparations 
were  similar  to  those  of  the  present  work. 

RESULTS 

The  examination  of  molar  teeth  shows  that  after  J8  to  22  days  of  basic 
diet,  during  the  onset  of  manifest  scurvy  at  the  apical  end  of  the  tooth,  the 
distortion  of  odontoblasts  results  in  partial  or  complete  ee.ssation  of  dentin 
formation.  Simultaneously,  with  this,  the  development  of  the  corresponding 
layer  of  enamel  matrix  either  diminishes  or  stops  completely  (Figs.  1,  2,  7, 
and  19).  In  these  areas,  the  ameloblasts  usually  show  no  deviations  of  the 
polarization  of  their  nuclei,  nor  in  the  demarcation  between  the  ameloblasts 
and  the  cells  of  the  stratum  intermedium.  Often  the  difference  between 
scorbutic  and  normal  ameloblasts  lies  only  in  the  appearance  in  the  cyto¬ 
plasm  of  globular  material  in  larger  amounts  than  in  the  normal  ani¬ 
mals  (Fig.  3).  Apparently  .secretion  of  organic  material  continues,  but, 
owing  to  the  absence  of  dentin,  its  deposition  is  disturbed,  and  the  product 
accumulates  within  the  cytoplasm  or  at  the  basal  ends  of  the  cells  (Fig.  2). 
This  phenomenon  may  be  called  scorbutic  dysfunction  of  ameloblasts.  The 
thin  layer  of  enamel  matrix  i)roduced  in  the  form  of  a  loose  chain  rei)resent.s 
the  only  barrier  between  the  ameloblastic  layer  and  the  pulp  (Fig.  1). 
Coronally,  where  enamel  tissue  is  adjacent  to  dentin  formed  before  the  onset 
of  scurvy,  the  growth  and  maturation  of  enamel  continues  in  a  normal  way 
(Fig.  5)  if  it  is  not  disturbed  by  other  factors. 

In  guinea  pigs,  which  are  receiving  small  amounts  of  ascorbic  acid 
(0.1  mg.  per  animal  per  day),  the  deposition  of  dentin  is  not  completely  in¬ 
terrupted  and  it  develops  in  the  form  of  collagen-free  amorphous  calcified 
layers  of  varied  thickness.  In  these  animals  a  hypoplastic  formation  of  enamel 
matrix  occurs  instead  of  aplasia.  In  places  where  the  irregular  dentin  is  par¬ 
ticularly  thin,  areas  covered  with  enamel  matrix  layer  usually  show  more 

•See  Figs.  5,  9,  13,  19,  21,  and  23. 
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severe  hypoplasia.  The  polarization  of  the  cells  and  the  demarcation  between 
ameloblasts  and  stratum  intermedium  may  not  even  show’  alterations  (Fig.  4), 
just  as  it  was  in  enamel  aplasia  of  manifest  scurvy. 

In  the  course  of  the  cure  of  scurvy  a  new  portion  of  tooth  develops.  Here, 
in  connection  with  the  restoration  of  dentin  formation,  as  early  as  the  first 
or  second  day  of  treatment  new  enamel  matrix  develops.  In  the  scorbutic  tooth 
portion  the  ameloblasts  which  were  not  functioning  resume,  to  some  extent, 
the  formation  of  enamel  matrix  (Fig.  9)  simultaneously  with  the  restoration 
of  dentin  production,  although,  at  first,  this  may  be  in  the  form  of  osteo- 
cementum  or  osteodentin.  The  ameloblasts  lying  occlusally,  how’ever,  remain 
in  a  state  of  dysfunction  due  to  the  fact  that  they  have  already  attained  either 
the  stage  in  which  they  determine  the  maturation  of  the  enamel  or  the  period 
of  senile  involution.  These  phenomena  are  to  be  explained  by  the  short  and 
limited  life  span  of  the  enamel-forming  cells  in  the  fast  erupting  teeth  of 
rodents.  If  the  therapeutic  dose  of  vitamin  C  is  small,  or  the  sector  of 
ameloblasts  has  been  in  dysfunction  for  a  long  time,  due  to  a  prolonged  period 
of  scurvy,  there  hardly  occurs  any  resumption  of  formation  of  enamel  matrix. 
Fractures  of  defectively  formed  tooth  walls  and  the  follow’ing  complete  de¬ 
struction  and  disappearance  of  ameloblasts  are  common  features  of  manifest 
scurvy  in  molars  (Figs.  1  and  19).  In  the  course  of  healing  the  ameloblasts 
distorted  by  these  fractures  do  not  recover  and  the  corresponding  areas  of  the 
tooth  remain  without  enamel.  These  types  of  aplasia  differ  from  those  arising 
from  dysfunction  of  ameloblasts  in  the  appearance  of  coalescence  between  the 
dentin  and  the  adjacent  periodontal  tissue  or  column  of  cartilage  cementum 
(Figs.  10  and  13). 

The  findings  in  scorbutic  incisors  present  a  different  picture.  Here  the 
formation  of  enamel  matrix  continues  more  or  less  without  interruption.  This 
is  explained  by  the  presence  of  “mantle  dentin”  in  the  incisors  of  the  guinea 
pig.^^’  ***  In  molar  teeth  of  normal  animals,  the  i)redecessors  of  the  dentino- 
blasts  differentiate  immediately  into  dentinoblasts  which  produce  regular 
dentin.  Rut  in  the  incisors  the  antecedent  cells,  prior  to  their  differentiation  in¬ 
to  dentinoblasts,  form  “mantle  dentin.”  This  kind  of  dentin  is  neither  calcified 
nor  canalized  and  represents  the  intermediate  layer  between  the  enamel  and 
the  regular  dentin.  Since  in  scurvy  the  unspecific  mesenchymal  cells  of  the 
dental  papillae  are  less  affected,  in  incisors  the  production  of  “mantle  dentin,” 
continues  at  approximately  the  normal  rate.  Thus,  differently  than  in  molars, 
the  dentin  wall,  i.e.,  the  base  for  the  deposition  of  secreted  organic  material, 
has  not  completely  vanished  in  scorbutic  incisors  and  therefore  the  formation 
of  the  enamel  matrix  goes  on  more  or  less  without  interruption  (Fig.  12). 

In  the  course  of  the  further  development  of  manifest  scurvy  (after  20  to 
24  days  of  basic  diet),  or  the  first  stage  of  cure  of  scurvy,  injuries  of  the 
ameloblasts  take  place  in  both  molars  and  incisors,  w’hich  depend  first  of  all 
on  the  development  of  occlusal  trauma  and  also  on  the  deformation  of  the 
shape  of  the  tooth  wall. 
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The  bleeding  and  the  degeneration  of  the  skeletal  muscles  are  well-known 
features  of  scurvy.”’  The  changes  in  masticatory  muscles  result  in  the 

reduction  of  the  force  of  mastication  and  in  subsequent  retardation  of  the 
functional  wear.  As  the  harmony  between  the  process  of  functional  attrition 
on  one  side  and  the  rate  of  the  eruption  and  the  length  of  the  tooth  on  the 
other  is  essential  for  normal  functioning  of  the  continuously  developing 
and  erupting  teeth  of  rodents,  the  disturbance  of  one  of  these  factors  must 
forcibly  be  followed  by  the  disbalance  of  the  two  others.^®  Since,  during 
manifest  scurvy  the  rate  of  eruption  is  obviously  less  severely  disturbed  than 
the  rate  of  the  functional  wear,  the  elongation  of  the  crowns  (Fig.  6)  result 
in  bite  raising,  i.e.,  occlusal  trauma  develops.  In  connection  with  this  supra- 
occlusion  the  axis  of  tooth  rotation  relocates  a])ically.  But,  although  mastica¬ 
tion  is  reduced,  owing  to  the  scorbutic  distortion  of  muscles,  the  consequence 
of  these  pathological  changes  in  the  dissipation  of  the  masticatory  forces  ap¬ 
pears  as  an  increase  in  the  functional  demand  upon  the  alveolar  bone.  Since 
the  scorbutic  bone  itself  is  also  weakened,  overstress  results  in  the  destruction 
of  the  alveolar  bone  on  both  the  horizontal  and  vertical  plane.  In  this  way 
further  elongation  of  the  extra-alveolar  portion  takes  place  on  account  of  the 
reduction  of  the  height  of  the  alveolar  process.  Moreover,  owing  to  the  severe 
destruction  of  the  supporting  apparatus,  a  buccal  displacement®  or  the  intru¬ 
sion  of  teeth,  sometimes  occurs  (Fig.  19). 

Thus,  on  account  of  the  occurrence  of  occlusal  trauma,  the  apical  relo¬ 
cation  of  the  fulcrum  of  tooth  movement,  the  widening  of  the  periodontal 
membrane  (due  to  the  destruction  of  the  alveolar  bone  in  the  vertical  plane) 
as  well  as  the  failure  of  the  collagen  fiber  formation  of  the  periodontium®  al¬ 
lows  the  transmission  of  excess  masticatory  forces  into  the  formative  part  of 
the  tooth,  leading  to  damage  in  the  developing  enamel  tissue. 

A  further  increase  of  occlusal  trauma  occurs  during  the  first  stage  of  cure 
of  scurvy  which  must  be  accounted  for  by  the  temporary  maintenance  of  a  raised 
bite.  Apparently,  the  regeneration  of  the  masticatory  muscles  damaged  in 
scurvy  takes  much  less  time  than  the  restoration  of  the  normal  height  of  the 
alveolar  process  (by  means  of  the  deposition  of  new  bone)  and  of  the  height 
of  the  crowns  (by  means  of  the  restoration  of  physiological  abrasion).  There¬ 
fore,  the  effect  of  occlusal  trauma  upon  the  tooth  tissue  is  even  more  pro¬ 
nounced  than  in  the  final  culmination  of  manifest  scurvy. 

The  other  factors  which  cause  damage  in  the  enamel  tissue  are  the  folding 
and  bending  of  teeth,  especially  of  molars.  Bending  of  the  tooth  also  takes  place 
if  it  had  been  displaced  in  the  period  of  scurvy  and  during  healing  its  newly 
developing  portion  grows  in  the  normal  direction.  Hence,  the  two  portions 
of  the  tooth  form  an  angle  (Fig.  13).  Finally  a  bending  of  the  tooth  also  ap¬ 
pears  when  the  supply  of  vitamin  C  in  small  doses  is  sufficient  for  regenera¬ 
tion  of  the  masticatory  muscles,  but  insufficient  for  the  complete  development 
of  dentin.  Here,  owing  to  the  weakly  developed  dentin  wall,  the  tooth  bends 
under  the  forces  of  mastication  (Fig.  15). 
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As  consequences  of  this  pathological  dissipation  of  the  masticatory  forces 
and  of  the  bending  and  folding  of  the  tooth  the  following  changes  take 
place  in  the  enamel:  the  detachment  and  disruption  of  the  ameloblasts  from 
the  enamel  matrix  and  partial  or  complete  distortion  of  these  cells  in  the  form 
of  a  pressure  atrophy  with  the  subsequent  development  of  hypoplastic  or  hypo- 
calcified  enamel. 

Detachment  of  enamel-forming  cells  is  a  rare  form  of  enamel  tissue  dam¬ 
age  in  manifest  scurvy.  As  a  rule,  detachments  take  place  in  the  area  of 
growth  of  the  enamel  (fourth  sector  of  Weinman).  Since  this  detachment  is 
produced  chiefiy  by  the  bending  of  the  tooth,  it  is  observed  more  commonly 
in  subscurvy  or  during  the  cure  of  scurvy  (Fig.  11).  If,  in  the  course  of  the 
detachment,  the  ameloblasts  are  not  damaged  they  continue  to  produce  within 
the  periodontium  enamel  matrix  in  the  form  of  single  or  multiple  larger  or 
smaller  drops  of  a  globular  or  ellipsoid  appearance.  If,  during  the  occlusal 
shifting  (due  to  the  fast  eruption)  the  ameloblasts  remain  intact,  these  drops 
become  mineralized  at  the  same  level  where  the  enamel  layer  undergoes 
maturation  (Fig.  8).*  The  areas  of  the  enamel  layer,  where  the  detachment 
of  ameloblasts  with  the  subsequent  formation  of  enamel  drops  takes  place, 
show  a  more  or  less  visible  hypoplasia  (Fig.  11).  The  longer  the  portion  of 
the  detached  ameloblastic  layer,  the  larger  is  the  extent  of  hypoplasia.  On 
the  other  hand,  if  the  detachment  is  localized  more  apically,  the  hypoplasia  is 
deeper. 

Disturbances  of  amelogenesis,  provoked  by  pressure  atrophy  of  the 
ameloblasts,  are  of  a  much  more  severe  character  than  the  disturbances  from 
the  detachment  mentioned  above.  According  to  the  phase  of  development 
of  the  enamel  tissue,  these  changes  appear  either  as  hypoplasia  (Figs.  12  and 
16),  when  the  growing  enamel  is  affected,  or  as  enamel  hypocalcification  when 
the  maturation  of  enamel  is  disturbed  (Figs.  14  and  16).  In  some  areas  where 
the  pressure  apparently  has  not  been  so  strong,  and  the  ameloblasts  have  re¬ 
mained  capable  of  functioning  to  a  certain  degree  throughout  the  normal  time 
of  their  formative  activity,  the  maturation  of  hypoplastic  enamel  matrix  takes 
place  (Fig.  16).  If  the  pressure  is  slight  and  affects  only  some  groups  of 
ameloblasts  in  the  stage  of  enamel  maturation,  the  mineralization  of  the  enamel 
is  delayed  or  only  partly  disturbed.  In  such  cases  the  portion  of  enamel  mat¬ 
rix  adjacent  to  dentin  remains  uncalcified,  whereas  the  part  covered  with 
ameloblasts  undergoes  maturation  (Fig.  17).  If,  occasionally,  during  the 
healing  the  tooth  bending,  brought  about  by  the  excess  of  functional  de¬ 
mand,  or  by  pressure,  was  particularly  grave,  osteoclastic  resorption  of  the 
already  matured  enamel  takes  place  (Fig.  18).  Since,  in  the  incisors,  the  ratio 
between  the  length  of  the  crown  and  the  length  of  the  embedded  portion  is. 
much  more  favorable  than  in  molars  and,  moreover,  since  the  lower  incisor 
normally  is  bent  in  two  planes^*  its  enamel  tissue  is  not  so  severely  affected 
by  occlusal  trauma  as  that  of  the  molars.  Therefore,  hypoplasia  and  hypo- 
calcification  of  enamel  caused  by  occlusal  trauma  and  by  distortion  of  the 
curvature,  are  less  pronounced  in  incisors  than  in  molars  (Fig.  12). 


The  details  of  formation  of  enamel  drops  will  be  described  in  another  work.* 
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Finally,  if  the  tooth  is  depressed  in  the  alveolus  the  balance  between  the 
rate  of  enamel  formation  and  the  eruption  of  the  tooth  becomes  disproportion¬ 
ate.  In  this  case,  both  maturing  enamel  and  senescent  ameloblasts  are  pre¬ 
vented  from  moving  up  in  the  regular  way.  The  consequence  of  all  this  is 
that  mature  enamel  and  short  ameloblasts  appear  in  more  apical  portions  than 
normally,  which  makes  the  impression  of  “premature  amelogenesis”  and  ad¬ 
vanced  degeneration  of  the  enamel  forming  cells  (Fig.  19). 

DISCUSSION 

The  most  common  scorbutic  enamel  changes  may  be  classified  as  follows : 

1.  Aplasia  and  hypoplasia,  which  appear  in  consequence  of  the  dysfunc¬ 
tion  of  the  ameloblasts,  caused  by  the  reduction  and  the  complete  cessation 
of  dentin  development.  These  changes  are  observed  only  in  molars. 


ABBREVIATIONS  FOR  FIGURES 

Am,  ameloblasts;  E,  enamel  matrix  or  enamel  (i.e.,  space  formerly  occupied  by  enamel 
now  lost  in  decalciflcation )  ;  d,  dentin;  ab,  alveolar  bone;  cc,  cartilage  cementum.  All  photo¬ 
micrographs  were  taken  from  preparations  stained  with  hematoxylin  and  eosin  (with  exception 
of  Figs.  6  and  10)  and,  with  the  exception  of  Figs.  6,  10,  and  12,  present  a  formative  part 
of  moiar  teeth  in  longitudinal  sections. 

Fig.  1. — Aplasia  and  hypoplastic  formation  of  enamel  matrix  during  manifest  scurvy  due 
to  reduction  and  cessation  of  dentin  development  (22  days  B-diet).  In  lower  half,  thin  iayer 
of  enamel  matrix  is  produced  only  in  form  of  loose  chain.  Note  normal  polarization  of  nuclei 
of  amelobiasts  in  this  portion  and  disappearance  of  distorted  ameloblasts  at  area  (-x)  of 
fracture  of  tooth  wall.  Orig.  mag.,  200 X. 

Fig.  2. — Ameioblasts  in  scorbutic  dysfunction.  Note  the  accumulation  of  organic  material 
at  basal  end  of  cells  and  normal  polarization  of  nuclei.  Enlarged  microphoto  from  ameloblasts 
of  lower  part  of  Fig.  1.  Orig.  mag.  600  X. 

Fig.  3. — Normal  differentiation  of  ar.iel oblast.*?  in  area  of  aplasia  of  enamel  matrix  during 
manifest  scurvy  (20  days  A-diet).  Globular  material  in  cytoplasm  of  ameloblasts  appears 
in  greater  amounts  than  normally.  Note  normal  polarization  of  nuclei.  Orig.  mag.  900 X. 

Fig.  4. — Hypoplastic  formation  of  enamel  matrix  due  to  defective  development  of  dentin 
during  reduction  of  manifest  scurvy  (20  days  A-food)  by  0.1  mg.  ascorbic  acid  daily  (20 
days).  Note  normal  demarcation  between  ameloblasts  and  .stratum  inicrmedium.  Orig.  mag. 
160X. 

F'ig.  5. — Normal  maturation  of  enamel  matrix  in  portion  adjacent  to  dentin  with  amor¬ 
phously  calcified  predentin.  Manifest  scurvy  (A-diet).  Orig.  mag.  90x. 

Fig.  6. — Maxilla  of  two  guinea  pigs  of  same  age.  Pronounced  elongation  of  crowns  (x) 
of  molars  (Fig.  6b)  during  manifest  scurvy  (A-diet  25  days)  in  comparison  with  usual  height 
of  crowns  of  molars  of  normal  guinea  pig  (6a).  Alveolar  process  is  stained  black.  Orig. 
mag.  3x. 

Fig.  7. — Aplasia  of  enamel  matrix  occurre<l  owing  to  temporary  cessation  of  dentin 
formation  at  area-x.  Manifest  scurvy.  Orig.  mag.  200  x. 

Fig.  8. — Calcified  free  enamel  drop.  Note  presence  of  ameloblasts  adjacent  to  drop.  Orig. 
mag.  200  X- 

Fig.  9. — Resumption  of  formation  of  enamel  matrix  during  cure  of  scurvy  (22  days  A- 
food  +  4  days  A-food  with  daily  additions  of  5  cm.  of  fresh  orange  juice),  a-scorbutic 
sector  of  molar  tooth  with  richly  developed  “healing”  osteo  cement  (d)  and  newly  but  in¬ 
sufficiently  formed  enamel  matrix,  b-developed  sector  of  tooth  in  treatment.  Orig  mag.  160x. 

Fig.  10. — Ground  section  of  scorbutic  molar,  from  section  with  calcified  enamel  after  a 
long  period  of  cure  of  scurvy  ( 20  days  A-food  +  20  day  A-food  with  addition  of  2.5  mg. 
ascorbic  acid  daily).  In  sector  (a)  enamel  aplasia  took  place  owing  to  dysfunction  of  amelo¬ 
blasts,  but  in  sector  (b)  due  to  fractui'e  of  tooth  wall  in  scorbutic  period.  Orig.  mag.  60 X. 

Fig.  11. — Detachment  and  disruption  of  ameloblasts  from  growing  enamel  matrix.  De¬ 
tached  ameloblasts  continue  to  produce  enamel  matrix  in  form  of  free  enamel  drops  (-dr)  in 
periodontium.  Hypopla.stic  formation  of  layer  of  enamel  matrix  in  area  of  detachment  (x). 
Subscurvy  (18  days  A-food  +  12  days  A-food  with  the  addition  of  4  c.c.  brain  emulsion,  doses 
which  correspond  to  about  0.4  mg.  ascorbic  acid).  Orig.  mag.  70 X. 

Fig.  12. — Continued  formation  of  enamel  matrix  in  spite  of  manifest  scurvy  (20  days 
B-food)  duo  to  presence  only  of  normally  developed  "mantle  dentin”  in  incisor.  Hypoplasia 
(-X)  is  caused  by  the  transmission  of  masticatory  forces  in  formative  part  of  tooth  (cross 
section ) . 

Fig.  13. — Appearance  of  angle  between  scorbutic  (a)  and  newly  developed  (b)  (during 
the  cure  of  scurvy)  portions  of  molar  teeth.  Note  aplasia  of  enamel  at  apical  end  of  scorbutic 
portion,  and  at  points-x  coalescense  between  dentin  and  periodontium  owing  to  fracture  of 
tooth  wall  in  scorbutic  period.  Orig.  mag.  20 X. 

Fig.  14. — Pressure  atrophy  of  ameloblasts  and  absence  of  maturation  of  enamel  matrix 
due  to  transmission  of  masticatory  forces  into  formative  zone  of  molar  tooth,  in  manifest 
scurvy,  Orig.  mag;.  200 x> 
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2.  Hypoplastic  formation  of  enamel  matrix  in  molars  or  incisors,  due  to 
the  detachment,  pressure  atrophy  or  distortion  of  the  ameloblasts  during 
growth.  Here  the  etiological  factor  is  either  occlusal  trauma  or  the  bending 
and  folding  of  the  tooth  wall. 

3.  Partial  or  complete  disturbances  of  maturation  of  enamel  in  molars  or 
incisors,  caused  by  occlusal  trauma,  of  the  bending  of  the  tooth,  affecting  the 
ameloblasts  during  maturation. 

The  retardation  and  the  subsequent  complete  cessation  of  dentin  forma¬ 
tion  is  a  typical  phenomenon  of  severe  scurvy  and  up  to  now'  it  has  not  been 
observed  in  other  vitamin  or  hormonal  disturbances.  In  connection  with  this, 
enamel  hypoplasia  and  aplasia,  caused  by  the  reduction  and  the  cessation  of 
dentin  growth,  which  appears  at  first  in  scurvy  and  only  in  molars,  must  be 
considered  as  the  primary  and  typical  feature  of  the  scorbutic  disturbances 
of  enamel.  Furthermore,  Figs.  1,  2,  3,  and  4  show  that,  notwithstanding,  the 
scorbutic  dysfunction  resulting  in  inability  to  form  enamel  matrix,  the  amelo¬ 
blasts  generally  develop  in  the  usual  way  as  far  as  their  secretory  potentiality 
and  polarization  of  nuclei  are  concerned.  If,  in  accordance  with  Wasser- 
mann’s  statement,  the  embryonal  development  of  ameloblasts  is  stopped  by 
scurvy  (due  to  the  cessation  of  dentin  formation),  it  ought  to  be  presumed  that 
during  the  cure  of  scurvy  the  ameloblasts  would  resume  their  complete  func¬ 
tion  of  forming  enamel  matrix  within  the  whole  area  of  scorbutic  aplasia. 
Fig.  9  shows  that  this  was  not  the  case. 

The  observations  described  demonstrate  that  the  differentiation  and  the 
secretory  activity  of  the  ameloblasts  in  scurvy  are  not  disturbed  but  that  it 
is  only  the  possibility  of  producing  enamel  matrix  that  is  lost  owing  to  the 
absence  of  dentin,  i.e.,  of  the  base  for  the  deposition  of  organic  material. 


Fig.  15. — Bending  of  molar  wall  under  forces  of  mastication  due  to  insufficient  formation 
of  dentin  In  subscurvy  (10  days  A-food  +  10  days  A-food  with  the  addition  of  0.25  mg. 
ascorbic  acid  daily).  Disturbances  of  enamel  and  osteoclastic  resorption  of  alveolar  bone 
caused  by  pressure.  Orlg.  mag.  40 x. 

Fig.  16. — Hypocalciflcation  and  hypoplastic  formation  of  enamel  matrix,  due  to  pressure 
atrophy  of  ameloblasts  caused  by  transmission  of  masticatory  forces  In  formative  part  of 
tooth.  Upper  third  shows  sector  where  hypoplastic  enamel  matrix  became  matured  owing  to 
persistence  of  ameloblasts.  Remaining  part  of  hypoplastic  enamel  matrix  remained  uncalcifled 
owing  to  complete  distortion  of  ameloblasts.  Subscurvy  (10  days  B-food  +  14  days  B-food 
with  the  addition  of  0.25  mg.  ascorbic  acid  daily).  Orig.  mag.  200 X- 

Fig.  17. — Delay  of  maturation  of  enamel  matrix  due  to  transmission  of  masticatory 
forces  into  formative  portion  of  molar  tooth.  Complete  absence  of  mineralization  in  areas  (x) 
of  attachment  of  periodontal  fibres.  Between  them  only  outer  enamel  layer  covered  with 
ameloblasts  is  mineralized.  Manifest  scurvy.  Orig.  mag.  400 X. 

Fig.  18. — Osteoclastic  resorption  of  mature  enamel,  caused  by  pressure,  due  to  bending 
of  molar  tooth  during  cure  of  scurvy  (20  days  A-food  +  14  days  A-food  with  the  addition 
of  1  mg.  ascorbic  acid  daily).  Orig.  mag.  400 X. 

Fig.  19. — Appearance  of  “premature  ameiogenesis”  due  to  intrusion  caused  by  mastica¬ 
tion  forces  owing  to  defectively  formed  tooth  wall  of  molar.  Manifest  scurvy  after  23  days 
of  B-diet.  Note  numerous  fractures  (x)  of  folded  tooth  wall  and  hypoplastic  formation  of 
enamel  matrix  due  to  cessation  of  dentin  development.  Orig.  mag.  40 X. 

Fig.  20. — Artifact :  “Separation  of  enamel  in  fibres.”  Growing  enamel  matrix  of  molar 
of  normal  guinea  pig.  Orig.  mag.  120X. 

Fig.  21. — Artifact:  “Edema  of  the  enamel  organ"  (x)  in  molar  of  normal  guinea  pig. 

Fig.  22. — Artifact:  “Appearance  of  globular  material  in  dentin”  in  molar  of  normal 
guinea  pig.  Orig.  mag.  600x. 

Fig.  23. — Artifact :  “Granular  disintegration  of  ameloblasts”  In  the  molar  of  normal 
guinea  pig.  Orig.  mag.  400X. 
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Since  disturbances  of  enamel  growth  and  maturation  caused  by  the  de¬ 
velopment  of  occlusal  trauma,  accompanied  by  dissipation  of  masticatory 
forces  in  the  formative  portion  of  the  tooth  and  by  bending  and  folding  of 
the  tooth  wall,  have  also  been  observed  in  experiments  with  hormone, 
with  mechanical  damage’’  of  the  tooth  tissue,  and  with  other  vita¬ 
mins,®’  than  ascorbic  acid,  they  cannot  be  regarded  as  typical 

for  scurvy.  The  features  of  disharmony  between  the  process  of  eruption  and 
that  of  enamel  formation  are  not  characteristic  either  because  they  have  also 
been  observed  in  experiments  with  capping®®  and  hypophysectomy.^’  ®®  As, 
moreover,  these  atypical  enamel  disturbances  appear  in  a  state  of  scurvy  later 
than  the  dysfunction  of  ameloblasts,  they  may  be  considered  as  secondary 
scorbutic  enamel  changes. 

Scorbutic  alterations  described  by  other  research  workers,^’  ®’’  ®®’  such 
as  separation  of  enamel  into  fibers,  granular  disintegration,  and  vacuolar  de¬ 
generation  of  ameloblasts,  edema  of  the  enamel  organ  and  appearance  of 
globular  material  in  dentin,  seem  to  be  artifacts  which  are  brought  about  in 
a  way  similar  to  the  artifacts  in  dentin  and  pulp  tissues  produced  by  various 
forms  and  mechanisms  of  shrinking  in  the  course  of  histological  prepara¬ 
tions.®®  These  artifacts  of  enamel  can  also  be  demonstrated  in  teeth  of  normal 
animals  (Figs.  20  to  23). 

Some  of  the  previous  investigators  of  scorbutic  changes  in  teeth  of  guinea 
pigs  came  to  the  conclusion  that  vitamin  C  deficiency  in  man  would  cause  the 
failure  of  enamel  formation  and  hereby  might  be  significant  in  the  etiology 
of  caries.  The  results  of  the  present  work  show  that  in  scorbutic  guinea  pigs 
aplasia  and  hypoplasia  of  enamel  take  ])lace  only  when  the  development  of 
dentin  is  almost,  or  completely,  stopped.  Since,  up  to  the  present  day  such 
severe  forms  of  scorbutic  dentin  disturbances  have  not  been  observed  in  man 
it  seems  doubtful  that  scurvy  should  be  the  etiological  factor  in  the  origin 
of  human  enamel  hypoplasia.  In  this  connection,  it  is  of  interest  to  remember 
that  Hoyle,®  during  his  investigation  of  the  tooth  germ  in  infantile  scurvy  and 
upon  examination  of  permanent  teeth  in  a  limited  number  of  patients  who 
had  recovered  from  infantile  scurvy,  found  that  enamel  hypoplasia  did  not 
result  from  ascorbic-acid  deficiency  during  the  period  of  tooth  formation. 
Also,  Westin,^^  in  his  study  of  scurvy  in  human  patients,  did  not  find  any  ease 
of  scorbutic  enamel  changes. 

Our  findings  allow  us  to  arrive  at  some  conclusions  on  the  function  of 
the  ameloblasts  in  the  stage  of  enamel  maturation.  The  mineralization  of 
enamel  drops  freely  located  in  the  periodontium  (Fig.  8)  as  well  as  normal 
enamel  maturation  in  the  areas  of  scorbutic  dentin,  which,  owing  to  the 
amorphous  calcification  of  predentin,  is  sealed  off  from  the  pulp  (Fig.  5)  show 
that  contrary  to  the  assumption  of  other  investigators®®  no  additional  up¬ 
take  of  minerals  via  the  dentinoenamel  junction  takes  place  during  the  matura¬ 
tion  period.  Moreover,  the  delay  of  enamel  maturation  in  the  scorbutic  tooth, 
where  only  the  ameloblast-covered  part  of  the  enamel  matrix  is  mineralized, 
shows  that  the  histological  pictures  cannot  serve  as  evidence  for  the  correct- 
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ness  of  the  statement  of  other  investigators  that  the  enamel  maturation  first 
becomes  visible  at  the  dentinoenamel  junction  (Fig.  17).  These  factors  allow 
us  to  conclude  that  the  indispensable  function  of  the  ameloblasts  during  the 
process  of  enamel  maturation  must  consist,  not  only  in  the  removal  of  the  fluid 
of  organic  substances,  but  also  in  the  additional  uptake  of  minerals  into  the 
enamel  matrix. 


SUMMARY 

Developmental  disturbances  of  enamel  in  scurvy  and  in  the  first  stage 
of  cure  of  scurvy  were  studied  in  molars  and  incisors  of  a  large  number  of 
guinea  pigs. 

1.  The  first  and  characteristic  change  of  enamel  in  scurvy  is  dysfunction, 
i.e.,  the  inability  of  the  ameloblasts  to  produce  enamel  matrix  (aplasia  and 
hypoplasia)  due  to  the  retardation  and  complete  cessation  of  the  development 
of  dentin  in  the  molars. 

2.  The  secondary  and  nontypical  scorbutic  changes  are  the  disturbances 
of  formation  (hypoplasia)  and  of  maturation  (hypocalcification)  due  to  the  de¬ 
tachment  or  pressure  atrophy  of  the  ameloblasts  caused  by  the  bending  of 
the  tooth  or  by  the  transmission  of  the  masticatory  forces  into  the  formative 
portion  of  the  tooth.  These  changes  can  be  observed  both  in  molars  and  in 
incisors. 

3.  The  additional  uptake  of  minerals  into  the  enamel  during  the  matura¬ 
tion  phase  is  determined  by  the  activity  of  the  ameloblasts,  not  by  the  func¬ 
tion  of  the  pulp  through  the  dentinoenamel  junction. 
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